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ABSTRACT

Stratigraphie Evolution of Las Vegas Bay, Lake Mead, Nevada; 1935 - 2002
by
Jonathan George Zybala
Dr. A.D. Hanson, Examination Committee Chair
Assistant Professor o f Geology
University o f Nevada, Las Vegas
Las Vegas Bay in Lake Mead, NV provides a unique mid-scale natural laboratory to
study the effects changes in lake level, sediment supply, fluvial discharge and basin
physiography have had on stratigraphy o f the basin. Mapping, seismic, sidescan sonar
and bathymetry surveys, in conjimction with sediment cores, LPSA and ’^^Cs analyses
were integrated to develop a temporal basin filling model for Las Vegas Bay. The
evolution of the basin is divided into two periods based on lake history and stratigraphy
data: an early 1935-1964, and a latter 1965-2002 period. Changes in lake history are
more clearly preserved during the latter period because o f higher sedimentation rates and
more varied sediment types. Physiography has played a significant role in controlling the
spatial distribution o f sediment throughout the basin. Sand is observed on the basin floor
where there are bends in the main channel, where breaks in slope occur and where lateral
tributaries debouch into the main channel axis.
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CHAPTER 1

INTRODUCTION
It has been suggested that historic global sea-level changes are recorded in coastal,
shelf, slope, and rise marine and non-marine sedimentary deposits and can be inferred
through the use o f sequence stratigraphy models (e.g., Vail et al., 1977a; 1977b; 1977c;
Wilgus et al., 1988). Sequence stratigraphy models utilize seismic stratigraphy, facies
analysis, and chronostratigraphic relationships to determine historic local, regional,
and/or global relative base-level changes (e.g., Mitchum et al., 1977; Vail et al., 1977a;
Vail et al., 1977b; Vail et al., 1977c; Wilgus et al., 1988; Weimer and Posamentier, 1993;
Posamentier and Allen, 1999;).
Sea level fluctuations have traditionally been considered to be the prominent driver
controlling the sequential packages o f sediment deposited along passive margins (Vail et
al., 1977a; Vail et al., 1997b; Haq et al., 1988). The effects controlling accommodation;
defined as “the space existing between the actual land or sea-floor surface and the sea or
lake level,” (Jervey, 1988) are recognized to be a function of eustacy, sediment influx,
tectonics, and basin physiography (Jervey, 1988; Posamentier et al., 1988; Posamentier
and Vail, 1988; Marie-Pierre, 1991; SIoss, 1991; Weimer and Posamentier, 1993;
Christie-BIick and Neal, 1995; Posamentier and Allen, 1999). However, as there is no
direct way to determine how each one o f these many variables may have effected
accommodation in a particular basin on the geologic scale, a better understanding o f each

1
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driver’s role in the development o f stratal architectures and facies distributions are
essential to the development o f more accurate sequence stratigraphie models.
Controlled numerical and flume-type experiments have been performed to observe
the affects that the various drivers (eustacy, tectonics, and sediment supply) have on
stratal architecture development (Jervey, 1988; Lawrence et al., 1990; Kendall et al.,
1992; Levell and Leu, 1993; William et al., 1995; Heller et al., 1999; Muto and Steel,
2004). It has been shown experimentally that similar types o f sedimentary packages,
(i.e., lowstand, transgressive and highstand system tract deposits) can be produced by
altering different variables (Burton et al., 1987). Quantification accomplished in small
scale flume-type experiments and through computer simulations are valuable in that they
provide researchers insight into the sensitivities o f the various drivers and how they affect
the stratal architectures (Jervey, 1988; Lawrence et al., 1990; Kendall et al., 1992; Levell
and Leu, 1993; William et al., 1995; Heller et al., 1999; Muto and Steel, 2004).
However, due to the scale and simplified nature o f these studies, they are difficult to
relate to regional and global stratigraphie records. Therefore, documentation o f basins
where the various drivers controlling accommodation are well constrained are needed to
verify and relate the findings o f these experimental studies o f sequence stratigraphie
models to larger regional settings.
Lake M ead in Nevada and Arizona provides a unique mid-scale natural laboratory to
study sedimentary processes (Twichell et al., in press). Lake Mead may serve as a mid
scale analog to relate and calibrate small-scale forward modeling experimental studies to
regional studies o f similar sedimentary processes that exist within this reservoir. Historic
records o f water elevation, fluvial influx into the reservoir and the physiography o f the
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pre-impoundment depositional surface, with no evolving tectonic influences on the basin,
are well constrained for Lake Mead.

Study Area
Lake Mead is the largest man-made reservoir by volumetric capacity in the United
States (Covay and Beck, 2001). The reservoir is located on the Nevada and Arizona state
border approximately 30 miles east o f Las Vegas (Fig. 1). Lake Mead formed as a result
o f the impoundment o f the Colorado River at Hoover Dam on February 1, 1935. The
Colorado River supplies 97% o f the water entering Lake Mead (LVVWD, 2004). The
remaining 3% is derived from the Las Vegas Wash (1.5%), the Virgin (1.45%), Muddy
Rivers (0.5%) and other smaller tributaries to Lake Mead (LVVWD, 2004).
Las Vegas Bay is a western embayment o f Lake Mead that is ~30 km^ in area at peak
lake levels (Fig. 2). The outflow from Las Vegas Bay is to the southeast into Boulder
Basin and eventually through Hoover Dam to the Colorado River in Boulder Canyon or
through water intake facilities located near Saddle Island (Boyd and Furlong, 2002).
Three principle tributaries supply surface runoff to Las Vegas Bay: the Las Vegas Wash,
Gypsum Wash, and Government Wash (Twichell et al., 2001) (Fig. 2). The Las Vegas
Wash is currently a perennial stream that drains surface runoff from the Las Vegas
Valley, (4000 km^) effluent discharge from sewage treatment facilities, and smaller sub
basins between Las Vegas and Lake Mead (Covay et al., 1996). The Las Vegas Wash
has historically supplied the largest volume o f sediment into Las Vegas Bay (Twichell et
al., 2001). Mean volumetric discharge measured at monitoring stations along the Las
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Vegas Wash have documented dramatic increases in stream flow during the last 45 years
(USGS Records, 2003).
The Gypsum and Government Washes are ephemeral desert streams that drain storm
runoff from their respective catchments. The sediment flux into the basin via these two
washes is small relative to the Las Vegas Wash (Twichell et al., 2001). In light o f this
relationship, the Las Vegas Wash is viewed in this study as the major source for sediment
supply into Las Vegas Bay.

Significance
Lake Mead supplies water and hydro-electric power to several southwestern states,
and serves as a recreational facility for several million visitors each year. Studies are
continually conducted by local, regional, and federal entities to monitor the water quality
throughout the Lake Mead recreation area (e.g., Covey et al., 1996; Preissler et al., 1998;
Boyd and Furlong, 2002). However, relatively little work has investigated the
sedimentary processes within Lake Mead (Twichell et al., in press). Surveys conducted
at the time o f the initial filling o f the reservoir characterized the nature o f the sedimentary
fill brought into the reservoir by the Colorado and Virgin Rivers (U.S. Department o f the
Interior, 1954; 1960). These early studies investigated the accumulated sediment in Lake
Mead with the intent o f determining the longevity o f the reservoir as their primary goal.
Additional studies conducted in the late I970’s through early 1980’s have investigated
the content o f the sediment within the Las Vegas Bay region o f the reservoir (Melancon,
1977; Prentki et al., 1981; Hetzel, 1982; Williams, 1985). While these studies provided
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information on the nature o f the sedimentary fill, they are o f limited value in
characterizing the sedimentary processes in the Las Vegas Bay portion o f the reservoir.
Lake Mead provides a unique mid-scale analog to relate similar sedimentary
processes that occur within this reservoir to experimental and regional studies o f like
sedimentary processes. The historic records o f water elevation, fluvial influx to the
reservoir and the physiography o f the pre-impoundment depositional surface, with no
evolving tectonic influence on the basin, are all well constrained.
Portions o f the Las Vegas Wash delta that were active at the time sediment cores for
this study were collected in June 2002, have been subsequently exposed subaerially due
to a recent drop in lake level (Fig. 3). This unique lowstand setting provides an
opportunity within Las Vegas Wash that does not exist in modem marine records because
they are currently subaqueous due to transgression.
This study investigates the sediments deposited in Las Vegas Bay since the initial
filling o f the reservoir in 1935 to the time sixteen sediment cores were collected in 2002
to determine: (1) the distribution o f post-impoundment sediment in Las Vegas Bay, (2)
the effects changes in lake level, fluvial discharge, and sediment influx have had on the
basins stratigraphy, and (3) effect basin physiography have had on the recent stratigraphie
evolution o f Las Vegas Bay.
W ork has been performed on the distribution o f post-impoundment sediment and
depositional processes that exist within Lake Mead since its filling in 1935 (e.g., U.S.
Department of the Interior, 1954; 1960; Covay and Beck, 2001; Twichell et al., 1999, in
press;). Recent work has been completed on the sedimentary record contained in Las
Vegas Bay (Prentki et al., 1981; Covay and Beck, 2001; Twichell et al., 2001). However,
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these Las Vegas Bay studies are o f limited use in developing a coherent evolution model
for the filling o f the Las Vegas Bay basin because they each focused on discrete elements
o f the basin fill (i.e., sedimentation rates, sediment thickness, and sediment distribution),
without relating sedimentation processes to the reservoir’s history. This study developed
a temporal and spatial filling model for Las Vegas Bay that relates the current
stratigraphy observed in the basin to the known lake history data (Fig. 3).
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CHAPTER 2

BACKGROUND
Generalized Geology
The geology surrounding Las Vegas Bay is predominately Tertiary sedimentary
rocks, but also consists o f Quaternary alluvial deposits and Tertiary volcanic rocks (Bell
and Smith, 1980; Castor et al., 2000). The sediment transported by Las Vegas Wash to
Las Vegas Bay is largely sourced from within the wash itself and is characterized as
Quaternary fluvial and alluvial deposits (Bell and Smith, 1980; Castor et al., 2000).
Sediment sourced from within the Las Vegas Valley is mainly Quaternary and Tertiary
alluvial, fluvial and lacustrine deposits (Longwell et al., 1965).
The geology along the northern shore o f Las Vegas Bay is predominately Tertiary
sedimentary rocks o f the Muddy Creek Formation and Quaternary alluvium
(Duebendorfer, 2003). The upper reaches o f the ephemeral flowing desert washes along
the northern shoreline o f Las Vegas Bay cut into Tertiary volcanic rocks o f Callville
Mesa and volcani-clastic rocks o f the upper Horse Springs Formation (Duebendorfer,
2003).
The geology along the southern shoreline o f Las Vegas Bay is characterized by
Quaternary alluvium and fluvial deposits and Tertiary sedimentary rocks o f the Muddy
Creek Formation (Smith, 1984). The upper reaches o f the ephemeral washes along the
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southern shoreline o f Las Vegas Bay cut into Tertiary volcanic rocks o f the River
Mountains (Smith, 1984).

Basin Morphology
Las Vegas Bay is characterized by a narrow, 100-500 m wide, southeast-trending ~10
km long axial valley ramp (Fig. 4). A ramp is defined as a depositional surface along
which there is no distinct break in slope along the dip profile (Van W agoner et al., 1990).
This valley was formed prior to the impoundment o f Lake Mead and became a minor
tributary to the Colorado River about three million years ago (USGS, 1999). Prior to
population growth and development in Las Vegas Valley, water flowed down this
drainage ephemerally as the Las Vegas Creek (Twichell et al., 2001). The morphology o f
the lake bottom adjacent to the axial valley in Las Vegas Bay is similar to the subaerial
geology surrounding the basin (Twichell et al., 2001); small dendridic drainages cut
across irregular, moderate- to steeply-dipping alluvial and rock outcrop surfaces. The
apparent preservation o f the pre-impoundment morphology as observed in sidescan sonar
data along the submerged margins o f Las Vegas Bay, suggests that there has not been
significant re-working or erosion o f this material since the infilling o f the lake (Twichell
et al., 1999). The morphology within the 100-500 m wide axial valley has been altered
by post-impoundment sediment accumulation. Currently, 1-2 m o f sediment has been
observed in seismic data to have accumulated along the lower 7.5 km o f the axial valley,
filling in pre-existing topographic irregularities on the pre-impoundment surface
(Twichell et al., 2001).
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Seismic line L50fl is a dip profile collected in 1999 by previous researchers along the
main channel axis in Las Vegas Bay (Twichell et al., 2003) (Fig. 4).. The depositional
slope measured from seismic line L50fl is near uniform along its entire length (Fig. 4).
The gradient measured along the length o f the profile is 1.2°. A depositional gradient of
~1° measured along the length o f the Las Vegas Creek from a small-scale pre
impoundment topographic map (Gannett et al., 1908) suggests that the lower 6.5 km o f
the channel gradient has not been significantly altered by post-impoundment sediment
accumulation. In comparison, the upper 1 km o f the channel at the head o f Las Vegas
Wash, has experienced up to 16 m o f post-impoundment sediment accumulation based on
seismic data (Twichell et al., 2001). This sediment accumulation in Las Vegas Wash has
significantly altered the gradient o f the pre-impoundment channel. When compared to
the gradients o f mature drainages like the Colorado River Delta in Lake Mead; 0.8° 0.4° (Twichell et al., in press) and the G ulf o f Mexico slope; 0.5° (Vamai, 1998) the
depositional surface underlying the Las Vegas Bay Basin is relatively steep.
Portions o f the Las Vegas Wash channel upstream o f the deltaic deposits described by
Twichell et al., (2001) have experienced major headward erosion, lateral stream bed
widening and deep down-cutting by fluvial processes in response to an increase in the
volume o f water flowing into Lake Mead via Las Vegas Wash since the late 1970’s
(LVW Coordination Committee, 2004). Between 1983 and 1993 an estimated 11 million
tons of sediment had been eroded from within a two-mile reach o f the lower Las Vegas
Wash and deposited in Lake Mead (A. Ehrenberg, personal communication). The current
elevation o f the streambed in Las Vegas Wash beneath the North Shore Road Bridge
relative to its elevation in the 1970’s illustrates the erosion that has taken place at this
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location as a result o f increased fluvial discharge (Fig. 5). Before 1978 when the bridge
was built, the Las Vegas Wash streambed was just below North Shore Road (SNWA
Report, 2003).
In proximal areas o f the Las Vegas Bay that were subaqueous at the time o f their
study, Twichell et al. (1999; 2001) recognized six surfical units in Las Vegas Bay based
on the nature o f the signal seen on sidescan sonar surveys, the observed geology
surrounding the basin and several short cores collected at the time o f the 2001 survey.
These included (1) rock outcrop, (2) delta top, (3 ) delta front, (4) sand, (5) sandy to silty
mud, and (6) mud (Twichell et al., 1999; 2001). The underlying principle for sidescan
sonar interpretation is that the observed return signals are a function o f the medium from
which the source signals are returning, i.e., a high/bright return signal is generated from a
hard reflective surface like consolidated rock, while a low/dark return signal is generated
from an attenuating material like mud (Twichell et al., 1999; 2001).
Two delta structures were identified from seismic and sidescan sonar data on the
basin floor at the head o f Las Vegas Wash and Gypsum Wash (Twichell et al., 2001).
Seismic lines L02 and L39 illustrate the dip profiles o f the two deltas at the western
margin o f Las Vegas Bay (Figs. 6 and 7). Moderate- to well-developed delta tops and
fronts can be recognized in both the Las Vegas Wash and Gypsum Wash Delta seismic
profiles and in the sidescan sonar data o f the same regions (Figs. 6 and 7). The Las
Vegas Wash Delta profile is more pronounced in that it exhibits greater topographic relief
(-15 m) between the delta top and prodelta region compared to the Gypsum Wash Delta
(< 5 m) (Fig. 7). Delta tops and delta fronts are also apparent in the sidescan sonar data
covering the upper parts o f Las Vegas and Gypsum Washes (Fig. 7). A third delta has

10
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also been interpreted from the same data set by Twichell et al. (2001) at the head o f
Govemmnet Wash. This third delta is very minor in size when compared to the Las
Vegas and Gypsum Wash Deltas (see data presented in a later section entitled “Sediment
Supply”).
A total o f six deltaic accumulations were described by Twichell et al., (2001) in Las
Vegas, Gypsum, and Government Washes. Within each o f these three washes Twichell
et al., (2001) identified a “ 1997” and “ 1968 Delta” based on their current elevations and
historic lake level elevations (Fig. 3). The 1997 Deltas in Las Vegas, Gypsum and
Government Washes were deposited at elevations between -359 m and -363 m above
mean sea level (Twichell et al., 2001). The 1968 Deltas in Las Vegas, Gypsum and
Government Washes were deposited at elevations between -343 m and -348 m above
mean sea level (Twichell et al., 2001). When this study refers to a “ 1997 Delta”, it is
referring to the sediment deposited between -3 5 9 m and -363 m above mean sea level in
one of the three respective washes described by Twichell et al., (2001), i.e., the 1997
Gypsum Wash Delta refers to the sediment deposited in the Gypsum Wash region at
elevations between -359 m and -363 m above mean sea level.

Accommodation
Historic fluctuations in lake level coupled with sedimentary influx and subsequent
deposition and/or erosion are the main variables controlling the generation and removal
o f accommodation in Las Vegas Bay (Fig. 3). Historic fluctuations in lake level have
been documented since the formation o f Lake Mead in 1935 (Bureau o f Reclamation
Records, 2003). These fluctuations in lake level are the result o f changes in the volume
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o f water stored in the reservoir. Wlien the reservoir is filled to capacity (374.6 m above
mean sea level) base level rises and new accommodation is generated (e.g., Posamentier
et al., 1988). When lake level drops due to a decrease in inflow or an increase in outflow,
base level is lowered and accommodation is removed (e.g., Posamentier et al., 1988).
Because 97% o f the water entering Lake Mead is brought to the reservoir by the
Colorado River, lake level fluctuations are independent o f discharges in the Las Vegas
Bay tributaries, i.e. Las Vegas Wash.

Sediment Supply
The three principle tributaries supplying surface runoff to Las Vegas Bay are the Las
Vegas Wash, Gypsum Wash, and Government Wash respectively listed in decreasing
order of volumetric sediment contribution (Twichell et al., 2001). The Las Vegas Wash
located on the western margin of Las Vegas Bay currently contributes approximately
92.5% o f the sediment entering Las Vegas Bay based on volumetric calculations o f the
1997 Deltas in Las Vegas Bay (Twichell et al., 2001). The Gypsum and Government
Washes located on the northern shore o f Las Vegas Bay contribute the remaining 7.5% o f
sediment influx to Las Vegas Bay (Fig. 8). Volumetrically the 1997 Delta at the head of
Gypsum Wash accounts for 7% o f the sediment brought to the basin while the 1997
Government Wash Delta accounts for 0.5% (Twichell et al., 2001).
The 1968 Deltas described by Twichell et al. (2001) suggest that the Las Vegas Wash
was volumetrically the major supplier o f sediment to Las Vegas Bay in the early history
of the reservoir, (1935-1968) contributing approximately 71.5% o f the total sediment
entering Las Vegas Bay at that time based on delta volumes. However, the Las Vegas
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Wash supplied 75% less sediment to the 1968 Delta than it did to the 1997 Delta
(Twichell et al., 2001). Additionally, relative to the Las Vegas Wash 1968 Delta the
Gypsum and Government Wash 1968 Deltas respectively account for 15.5% and 12.8%
o f the total 1968 deltaic accumulations (Twichell et al., 2001).
Erosion caused by increased fluvial discharge in the Las Vegas Wash since the early
1960’s has diminished the aerial extent o f wetlands surrounding the wash from
approximately 8.1 km“ to 0.8 km^ (SNWA Report, 2003). No direct measurement o f the
sediment load carried by Las Vegas Wash existed prior to recent measurements (LVW
Coordination Committee, 2003). Therefore, historic records o f the fluvial discharge
(USGS Records, 2003) in conjunction with historically observed erosion events within
the Las Vegas Wash (P. Glancy, personal communication; A. Ehrenberg, personal
communication; LVW Coordination Committee Website, 2004) were used in this study
as proxies for sediment supply to Las Vegas Bay.

Sediment Distribution and Accumulation
An isopach map generated from seismic data collected by Twichell et al. (1999;
2001) in Las Vegas Bay documents the distribution o f post-impoundment sediment
accumulation in this portion o f Lake Mead (Fig. 8). A significant portion o f the basin
floor is virtually free o f post-impoundment sediment. Large amounts o f sediment have
accumulated in deltas at the head o f both Las Vegas and Gypsum Wash. The majority of
accumulated sediment has been confined to the axial valley o f the pre-impoundment Las
Vegas Creek and the upper reaches o f its tributaries (Twichell et al., 2001). The fact that
seismically measurable amounts o f sediment, (>1 m) have only accumulated in the
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topographie lows o f Las Vegas Bay suggests that turbid underflow currents are the
dominant mechanism o f sediment transportation in the study area (Twichell et al., 1999).
Turbidity currents have been documented to occur within the deep basin traveling up to
100 km from their Colorado River point source to Hoover Dam in Boulder Basin since its
early history (U.S. Department o f the Interior, 1960; 1954). Fine-grained turbidites have
recently been documented in Temple, Virgin, and Boulder Basins o f Lake Mead using
high-resolution seismic data and piston cores (Twichell et al., in press).

" 'C s
To constrain the age o f sediment within Las Vegas Bay *^’Cs analyses were
performed on several cores collected in the study area. ^^^Cs is an anthropogenic
radioactive isotope with a 30.17 year half-life (Owens et al., 1996). It was first
introduced into the atmosphere o f the northern hemisphere as a by-product o f above
ground nuclear weapons tests beginning in the late 1940’s (Carter and Moghissi, 1970).
A distinct temporal fallout pattern o f '^^Cs has been documented in the northern
hemisphere as a result o f its introduction into the environment, reaching measurable
levels at the earth's surface in soils ca. 1954, periods o f increased nuclear testing ca. 1959
and 1963, and waning fallout concentrations o f the isotope after 1964 through the present
due to a test ban treaty on above ground nuclear testing in 1963 (Ritchie and McHenry,
1990). In 1984 a relatively large flux o f '^^Cs was introduced into the atmosphere as a
result o f the Chernobyl accident in the former Soviet Union. However, the presence of
*^^Cs in the study area from the Chernobyl source ca. 1984 is probably not detectable as
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this input was regional and has had little impact on global fallout rates and patterns
(Ritchie and McHenry, 1990).
’^^Cs provides a good tracer for recent surface sediment movement because it quickly
sorbs to minerals within the fine-grained fraction o f sediment within the upper 10-15 cm
of the soil profile upon fallout where it remains until subsequent erosion and re
deposition o f the sediment (Walling and Qingping, 1992; Owens et al., 1996). Relative
'^’Cs concentrations measured within sediment profiles collected from areas that have
experienced net deposition after 1954 can be used to date specific horizons within the
profile based on documented atmospheric fallout concentrations over time. This
methodology is typically employed to date sedimentary deposits within marine, lacustrine
and flood plain depositional environments (Walling and Qingping, 1992; He et al., 1996;
Albrecht et al., 1998; Hart et al., 1998).
The '^^Cs technique is also used in agricultural studies to help understand and date
very recent (post 1954) soil erosion, transportation and accumulation processes (e.g.,
Ritchie and McHenry, 1990). By measuring the concentrations o f '^’Cs within vertical
soil profiles relative to site locations within the same region deemed to have experienced
no net erosion or deposition, one can document areas that have experienced recent
sediment erosion (relative lack of'^^Cs) and/or deposition (relative abundance o f ’^^Cs)
(Walling and He, 1999).
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CHAPTER 3

METHODOLOGY
This thesis synthesizes many diverse data sets that were acquired by multiple
researchers at various times in Las Vegas Bay. Sediment core collection and description
were performed by several researchers from UNLV and the USGS. The author o f this
thesis re-examined the sediment cores and revised some o f the core descriptions. '^^Cs
analyses were performed by Dr. Mark Rudin o f the UNLV Health Physics Department.
Sediment samples were collected by Dr. Rudin from cores VC-1, VC-9 and VC-16 for
^^’Cs analyses. The author o f this thesis collected the samples from core VC-4 for '^^Cs
analyses. All sediment samples for laser particle size analyses were collected and
prepared by the author of this thesis. The author o f this thesis ran laser particle size
analyses on all sediment samples except for the upper third o f core VC-9 which was
performed by Stephanie Mrozek. Geophysical data included in this thesis were collected,
processed and initially interpreted by researchers from the USGS, and have been used
with their permission (Twichell et al., 1999; 2001; 2003). The 2000 bathymetry data
were collected by previous researchers (D. Twichell, personal communication). The
2003 bathymetry data were collected by the author o f this thesis, Dr. David Twichell of
the USGS and Dr. Andrew Hanson o f UNLV Geoscience. All historic shoreline and
photomosaic mapping was completed by the author o f this thesis with the help o f Darlene
McEwan.
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Sediment Core Collection and Description
From May 29 to June 3, 2002 sixteen sediment vibra-cores were collected in the Las
Vegas Bay region o f Lake Mead from an 8 meter long (25 feet) pontoon boat to sample
the post-impoundment (younger than 1935) sediment accumulation in this portion o f the
reservoir (Figs. 2 and 8). These cores were also collected to validate interpretations made
from geophysical studies conducted in this same region (Twichell et al., 1999; 2001).
The cores were collected in Las Vegas Bay and its tributaries using a Rosfelder-type
vibra-corer with 3.7 m long by 8 cm diameter aluminum barrels that also serve as the
core liners. The thickness o f sediment recovered in the cores varies in length from
approximately 111 cm to 248 cm (Table 1). Several o f the longest cores (> 1.5 m) were
cut into shorter sections for transportation and storage. Upon recovery o f each core, the
ends of the core barrels or plastic sleeves were capped and sealed, cut into shorter
sections if required, and measured lengthwise.
Digital and paper logs were kept during the recovery o f the sixteen cores
documenting site locations and water depth along with other logistical information (Table
1). Core site locations were measured using a P-Code GPS receiver with an estimated
horizontal accuracy o f + ! - 10 m (Twichell et al., 2001), while bathymetry data were
acquired using a single-beam Garmen fathometer with an estimated vertical accuracy of
+/- 1 m (D. Twichell, personal communication).
Following the collection o f the cores, they were transported to UNLV for storage in a
refrigerated environment, visual descriptions, and various analyses. In the lab the sixteen
cores were split lengthwise into a working half and an archive half. The cores were
digitally photographed, and visually described for sedimentary structures, variable
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lithology, texture, color and thickness. The cores were split into two halves by cutting
the core liners lengthwise with a rotary saw to a depth o f 1-3 mm on opposite sides, (180°
apart) and then pulling a taunt wire down the length o f the cores along the cut portions of
the liners.
Visual descriptions were performed immediately following the splitting o f each core
or section of core to document their unaltered state. A Munsell Soil Color Chart and
color code system was used during the core descriptions to qualitatively document the
variations in color within each core. Visual core descriptions and photographs were
preserved in a digital format (Appendix 1). All core halves were wrapped in plastic
following their description to prevent desiccation and then returned to a refrigerated
environment for storage and future analyses.

*^’Cs Analysis
To help constrain the age o f sediment within Las Vegas Bay and aid in core
correlation, gamma-ray spectroscopy was conducted on the length o f three vibra-cores,
(VC-1, VC-9, and VC-16) and a 36 cm long portion o f a fourth vibra-core, (VC-4)
collected in Las Vegas Bay. A total o f two hundred and eleven sediment samples were
analyzed using gamma-ray spectroscopy. The longitudinal working half o f each core was
cut horizontally into 2 cm thick pieces (139 cm^) from the top o f each core down to their
base except for VC-4. Core VC-4 was cut into 2 cm thick pieces (139 cm^) from 140 cm
to 176 cm from the top o f the core for reasons that are presented later in the discussion.
Subsequent to collection, all samples were treated and measured as discussed in the
Materials and Methods sections o f Rudin et al. (1997). All samples were counted on a

18

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

high purity germanium gamma spectroscopy system in accordance with specifications
outlined in ANSI 42.14 (American National Standards Institute, 1991). For this thesis
sample count times varied in order to optimize the minimal detectable activities (MDA)
o f the system and minimize the time required to obtain a satisfactory measurement for
each sample (M. Rudin, personal communication). Although several gamma-emitting
radionuclides were detected through these analyses, only the ‘^^Cs isotope data are
reported in this study. '^^Cs activities were determined by measuring the 661.7 keV peak
within the spectra and correcting for sample counting times, surface areas, and mass.
*^^Cs results are reported in becquerels per gram (Bq/g). A becquerel (Bq) is the activity
o f a quantity o f radioactive material in which one nucleus decays in one second.
To constrain ages for the stratigraphy in cores collected in Las Vegas Bay, the
measured values o f *^^Cs within the cores were compared to a published temporal *^’Cs
fallout record in the northern hemisphere (Fig. 9). Ideally, one would like to compare
measured *^’Cs profiles to a local site where the '^^Cs fallout history has been
documented for the region under study rather than a generalized global fallout history
(Walling and He, 1992). However, no such local record is known to exist in the
published literature. Therefore, a northern hemisphere global '^^Cs fallout history has
been adapted for this study (Stefano et al., 1999).
Three commonly recognized periods identified by comparing measured ^^^Cs
concentrations in net deposition sediment profiles to historic fallout histories are 1954,
1959 and 1964. The first measurable occurrence o f *^^Cs corresponds with 1954, the year
^^^Cs is documented to have accumulated at measurable levels in the soil o f the northern
hemisphere due to above ground nuclear weapons tests (Ritchie and McHenry, 1990).
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The 1959 peak occurred as a result o f ’^^Cs fallout that was significantly higher than all
earlier and intervening years until 1964. The 1964 peak corresponds to the year of
greatest '^’Cs fallout recorded in history o f the northern hemisphere to date. In the years
following 1963 no additional

was added to the stratosphere by nuclear weapons

testing and as such the fallout history records a marked decrease in '^^Cs levels deposited
after 1964.

Laser Particle Size Analysis
Laser particle size analysis was performed on 281 samples collected fi'om four vibracores, (VC-1, VC-9, VC-15, and VC-16) collected in Las Vegas Bay in May and June
200 2

to determine the grain size ( 1 pm - 2 0 0 0 pm) distribution throughout this portion o f

the reservoir. The longitudinal working half o f each core was sampled approximately
every 2 cm from the top o f each core to the base using 5 mm diameter plastic straws. At
each sampling location a fresh straw was inserted perpendicular to the open face o f the
split core while being rolled between the thumb and forefinger, and then removed in a
similar manner rolled between the thumb and forefinger. Each sampling resulted in a
pellet o f sediment -1 .2 cm^ that was squeezed from the straw into a clean 250 mL beaker
by running the thumb and forefinger down the length o f the straw.
Following the collection o f the samples, the sediment pellets were treated with -2 0 50 mL o f 5% hydrogen peroxide (H 2 O 2 ), placed in an oven at 45 °C for a minimum o f 48
hours to permit removal o f organic material (Gee and Or, 2002) and evaporation o f all
water and any remaining H 2 O2 left in solution. This procedure was repeated a second
time for all samples and up to six times for those samples which contained visible organic
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material, i.e. fibrous plant matter. Once complete desiccation o f the samples took place,
generally in a 48 hour period, the sediment was scrapped from the bottom o f all the
beakers using a small metal spatula. The result o f this process was a small sampling o f
dry sediment in each beaker. These samples were left covered at room temperature until
particle analysis was performed.
Laser particle size analysis was performed using a Malvern Mastersizer 2000
(MS2000) laser particle size analyzer (LPSA) with a Hydro 2000S wet sample dispersion
accessory. The MS2000 has a red light helium neon laser and a blue light solid state light
source (Malvern Instruments Ltd., 1999). It uses red light forward, side and back
scattering to measure the large particle fraction and uses blue light adsorption to measure
the fine particle fraction (Malvern Instruments Ltd., 1999). The MS2000 software uses
Mie theory to calculate the particle size distribution o f each measurement based on the
light scattering pattern recorded. Light scattering patterns are a function o f particle sizes
and shapes within a sample that cause the laser to disperse and be absorbed in a
predictable manner (Agrawal and Pottsmith, 2000).
Each sample was prepared for LPSA by weighing out a small mass o f dry sample,
(0.030 - 0.040 g) from the 250 mL beakers and placing it into a 50 mL beaker using a
metal spatula and then soaked in approximately 10 mL o f a 8.2 millimolar solution o f
Sodium Hexametaphosphate (NaPOs)^ (HMP) in purified water to prevent clay
flocculation. The mixture o f sediment and HMP water was placed in an ultrasound bath
for approximately forty seconds, (one twenty second period after the HMP water was
added to the sample and a second twenty second period immediately before adding the
sample to the LPSA). All sediment samples were measured in the LPSA according to a
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standard operating procedure (SOP) input into the software running the MS2000
(Appendix 2).
For each sample run the SOP measured the background laser intensity and dispersion
which was subsequently subtracted from each measurement of the dispersion generated
by the sample. The difference between the background and subsequent measurement is
the result o f the sample dispersion. For each sample, at least one record was made. A
record consists o f the average o f three measurements made at a snapshot rate o f one
thousand snaps per second for 12 seconds each. A second record was generated for every
fifth or tenth sample run by measuring a duplicate sample as a quality control to
determine the reproducibility o f the measurement technique.
Each sample measured for this study has been preserved in Appendix 2. LPSA was
used to help clarify grain sorting, grading and distributions within the cores on the order
o f 1pm - 2000pm. All calculated particle size distribution results along with the
reproducibility estimates for all cores on which LPSA were performed can be found in
Appendix 2. Each duplicate LPSA sample result was compared to the results o f the
initial sample run in order to verify the methods reproducibility. This was accomplished
by dividing the difference between the two samples’ 50*'' percentile values by the 50"'
percentile value o f the initial sample analyzed. These calculations have been preserved in
Appendix 2.
The Wentworth grain size classification o f sand, silt and clay; 62.5 pm < Silt > 3 .9
pm, was used to calculate the percentages o f clay, silt and sand for each LSPA
measurement (e.g., Seeley, 1988).
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Geophysical Surveys
Two side-scan sonar and high-resolution chirp seismic surveys with central
frequencies o f 3.5 kHz collected by the USGS in Las Vegas Bay during May 12-26, 1999
and May 30-June 9, 2000 were used in this study to determine the surficial distribution
and gross accumulation o f post-impoundment sediment in the study area (Twichell et al.,
1999; 2001). Lake elevation at the time o f the 1999 and 2000 seismic surveys was 368 m
(D. Twichell, personal communication). The estimated minimum resolution o f the
seismic data is 50 cm based on the frequency o f the source (Twichell et al., 1999). The
output pixel sizes for the side-scan sonar mosaic are 2 m for the 1999 survey, (Twichell
et al., 1999) and 1 m for the 2000 survey, (Twichell et al., 2001). A summary o f these
data along with the methods used to acquire and process them can be found in Twichell et
al. (1999, 2001 and 2003).

Bathymetric Surveys
Two bathymetric surveys were conducted in the upper reaches o f Las Vegas Bay near
Las Vegas Wash in June 2000 and January 2003 to determine how the lake bottom
topography changed over a thirty-one month period. Site locations were continuously
measured at 10 second (June 2000) and 2 second (January 2003) intervals as the vessel
traversed the study area in a grid-like fashion (Fig. 10). Parallel lines were spaced 252 0 0

m apart in both surveys.
The June 2000 bathymetry data set was acquired in conjunction with the USGS May

30-June 9, 2000 geophysical surveys in Las Vegas Bay (D. Twichell, personal
communication). The January 2003 data set was collected in a similar manner using the
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same P-Code GPS receiver with an estimated accuracy o f + /-1 0 m (Twichell et al., 2001)
and single-beam Garmen fathometer with an estimated accuracy o f + ! - 1 m (D. Twichell,
personal communication).
The raw bathymetry data files were offloaded from a field computer and sent to the
USGS Woods Hole, MA office where they were converted into a common .dbf format,
input into Microsoft Excel and corrected to represent point elevations rather than water
depth measurements. This was accomplished by subtracting the water depth values from
the lake elevation at the time each respective survey was collected (368 m in 2000, and
352 ft in 2003).
The resulting lake floor elevation point data sets were imported into ESRI ArcMap
8.3 where they were interpolated to grids using an Inverse Distance Weighted (IDW) and
Normal Kriging method. The difference in elevation values between these two grids was
used to calculate the gross sediment accumulation that occurred during the thirty-one
month period in the region where the two surveys overlapped. The elevation data were
also imported into ESRI ArcScene 8.3 where TIN surfaces were generated and displayed
in 3D to investigate the general morphology o f the lake bottom at the time o f these
surveys for geologic interpretation.

Shoreline Mapping
Several historical shoreline positions and respective elevations o f Lake Mead in the
lower Las Vegas Wash were plotted on a map o f the same area to evaluate the timing and
effects sediment accumulation had on the evolution o f the lower Las Vegas Wash east of
the North Shore Road Bridge (Fig. 11). The oldest documented shoreline position
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observed in this study was digitized from a georeferenced 7.5’ Quadrangle topographic
map in ArcMap 8.3 when the lake elevation was 352.7 m in 1970 (USGS, 1970a). Two
additional elevations were digitized from an adjacent 7.5’ Quadrangle topographic map
using the westernmost limits where the pre-impoundment 365.8 m and 372.2 m contours
cross the Las Vegas Wash (USGS, 1970b). The shoreline position in May 1994 was
digitized from one o f the DOQ images used as a base map for Figure 11, (Keck, 2004)
the lake elevation at this time was picked from historic monthly elevation records
(Bureau o f Reclamation Records, 2004). Approximate shoreline positions were
generated from the westernmost limit o f the June 2000 and January 2003 bathymetric
surveys in Las Vegas Bay, lake elevations at the time o f the surveys were 367.3 m and
351.4 m respectively. A seventh shoreline position was mapped in the field using a
topographic map in February 2004 when the lake elevation was 347.5 m and then
digitized using the ArcGIS 8.3 software.

Photomosaic Mapping
Several portions o f the lowermost Las Vegas Wash east o f the Lake Shore Road
Bridge (below 372.2 m) have been photographed and mapped to determine the
distribution o f sediment related to the existence o f Lake Mead post-193 5. Digital
photographs were acquired along select portions o f the lower Las Vegas Wash in
sequence, and then digitally stitched together, one overlapping the other, to generate
mosaics o f the exposed stratigraphy in profiles that are up to several hundred meters in
length. The photographs within each sequence were taken in series from a constant
horizontal distance along the length o f the outcrop. Optical zoom was used in many o f
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the sequences to reduce the effects o f lens parallax. The start and end point locations of
many of the photo sequences were recorded using a Garmen handheld GPS receiver.
These digital photomosaics were then imported into a graphics software program and
used as base maps to trace depositional and erosional surfaces, determine section
thickness, and identify the exposed sedimentology in the lowermost Las Vegas Wash.
These base maps were used to make geologic interpretations of the stratigraphie
relationships and sedimentology preserved in these portions o f the lower Las Vegas
Wash. The six photomosaic base maps that were constructed for this study are preserved
in Appendix 3 along with a site location map and the GPS data collected during their
acquisition.
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CHAPTER 4

RESULTS
From May 29 to June 3, 2002 sixteen subaqueous vibracores were collected in the
Las Vegas Bay study area to sample the post-impoundment (younger than 1935)
sediment accumulation in this portion o f the reservoir and to validate interpretations
made from geophysical studies conducted in this same region (Twichell et al., 1999;
2001) (Fig. 6 ). The cores were collected in water depths ranging from 7 m to 113 m and
the amount of material collected varied in length from 111 cm to 249 cm (Table 1). The
cores are composed o f various Ethologies ranging from fine clay and silt through coarse
sand and gravel. The sediment observed in these cores have been visually described and
logged, dated using the '^^Cs technique (Ritchie and McHenry, 1990), analyzed for
particle size distributions, and spatially related to two sidescan sonar and seismic surveys
conducted by the USGS (Twichell et al., 1999; 2001) in order to develop a temporal and
spatial understanding o f how the Las Vegas Bay basin has filled with sediment from the
time the reservoir was formed in 1935 to the time the cores were collected in

2 0 0 2

.

Adapting the sidescan sonar classification utilized by Twichell et al. (1999, 2001,
2003) for the lake floor surface o f Lake Mead, this study recognizes five sonar facies in
Las Vegas Bay; (1) ultrahigh backscatter rock and alluvium, (2) mixed ultrahigh and low
backscatter fluvial gravel, (3) high backscatter sand, (4) moderate backscatter silty mud,
and (5) low backscatter mud. High backscatter refers to a strong acoustic return signal
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and is displayed as white and light gray in the sidescan sonar images (Twichell et al.,
1999). Low backscatter refers to a weak acoustic return signal and is displayed as dark
grays and black in the sidescan sonar images (Twichell et al., 1999). Adapting the preand post-impoundment seismic reflector interpretations from Twichell et al., (1999; 2001;
in press) this study recognizes two seismic facies, ( 1 ) pre-impoundment alluvium and
rock outcrop characterized by high amplitude reflectors that are steep dipping along the
basin margins and flat lying in the axial valley, ( 2 ) post-impoundment sediment
characterized by smooth flat lying moderate to low amplitude reflector(s) that onlap and
cover the pre-impoundment reflector within the valley axes. This study uses a seismic
velocity o f 1500 m/s for time to depth calculations in water and post-impoundment
sediment (Twichell et al., 1999; 2001; 2003).

Las Vegas Wash Region VC-5,
VC - 6 and V C -10
Cores VC-5 and VC - 6 were collected near the mouth o f Las Vegas Wash just
northwest o f the Las Vegas Bay Marina in ~7 m o f water (Fig.

6

and Table 1). Core VC-

10 was collected near the mouth o f Las Vegas Wash -125 m southeast o f VC-5 in 9.3 m
o f water (Fig.

6

and Table 1).

Core VC-5 is 249 cm in length and consists o f approximately 22% sand, 18% silt, and
60% clay based on the visual core description (Fig. 12). The upper 46 cm o f the core are
composed o f 1-15 cm thick brownish-gray fine to very fine sand beds. Many o f these
sand beds contain a significant amount o f dark gray to black clay. The contacts between
the sand beds in the upper portion o f the core are generally sharp. The lower 203 cm of
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core VC-5 are predominately 1-24 cm thick dark gray and black clay beds with some
intervals o f 3-19 cm thick grayish-brown silt and 1-2 cm thick sand interbeds. Up to 63
cm o f continuous clay is observed between the sand and silt interbeds in the lower 203
cm o f VC-5. The contacts between the beds in the lower portion o f this core are both
sharp and gradational. Fibrous plant material is observed in a number o f the sand and silt
beds throughout the entire length o f the core.
Core VC - 6 is 232 cm in length and consists o f approximately 20% sand, 7% silt, and
73% clay based on the visual core description (Fig. 13). The upper 31 cm o f the core are
composed o f 1-15 cm thick dark gray fine sand beds with 1-4 cm thick dark gray clay and
silt interbeds. An abundance o f fibrous plant material is interspersed throughout the
upper 31 cm o f core VC- 6 . The top o f the core is composed o f a 15 cm thick clean sand
bed. The contacts between the beds in the upper 31 cm o f core VC - 6 tend to be
gradational. The lower 201 cm o f VC - 6 are predominately 1-20 cm thick dark gray to
grayish-brown and black clay beds with

1 -6

cm thick dark grayish-brown silt interbeds

every 30-70 cm. At the base o f the core is an -2 5 cm thick normal graded dark grayishbrown fine to very fine sand bed with some fibrous plant material. The contacts between
the silt and clay beds in the lower 201 cm o f VC - 6 are both sharp and gradational.
Core VC-10 is 226 cm in length and consists o f approximately 15% sand, 2% silt, and
83% clay fi'om the visual core description (Fig. 14). The upper 191 cm o f the core are
composed o f 1-15 cm thick dark gray to grayish-brown and black clay beds with two 2-3
cm thick dark-gray silt interbeds that are 64 cm apart. The contacts between the beds
throughout the length o f the core are primarily sharp. In the lower 24 cm o f core VC-10
are two very fine sand beds. The upper bed is 21 cm thick and dark grayish-brown in
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color. The lower sand bed is 11 cm thick and dark gray in color. These two beds are
separated by a 2 cm grayish-brown clay interbed with sharp upper and lower contacts.

Las Vegas Wash Region VC-7 and VC - 8
Core VC-7 was collected -4 0 0 m southeast o f the Las Vegas Bay Marina in -1 6 m of
water. Core VC - 8 was collected 330 m southeast o f core VC-7 in -2 1 m o f water (Fig.

6

and Table 1).
Core VC-7 is 94 cm in length and consists o f approximately 33% gravel, 7% sand,
30% silt, and 30% clay based on the visual core description (Fig. 15). The upper 63 cm
o f the core are composed o f 1-5 cm thick dark gray and olive-gray clay beds with 1-11
cm thick dark gray and grayish-brown coarse to very fine sand and silt beds. The
contacts between the sand and silt beds tend to be gradational, fining upwards. The
contacts between the clay and silt beds are primarily sharp. The lower 31cm o f core VC7 are composed o f gravel with a coarse sand matrix. The upper contact between the
gravel and sand bed at the base o f the core is sharp and irregular.
Core VC - 8 is 172 cm in length and consists o f approximately 12% gravel, 11% sand,
17% silt, and 60% clay based on the visual description o f the core (Fig 16). The upper
151 cm o f the core are composed o f 0.5-13.5 cm thick dark-gray and olive-gray clay beds
with 0.5-8 cm thick dark gray and grayish-brown silt and sand interbeds. Many o f the
sand and silt interbeds contain black clay lamellae and fibrous plant material. The
contacts between the beds in this core are predominately sharp. Many o f the contacts are
highly irregular in nature, some are inclined. At 151 cm from the top o f the core barrel,
very fine sand from the overlaying bed can be observed to vertically penetrate - 3 cm into
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the underlying silty clay bed. The lower 21 cm o f core VC - 8 are composed o f grain
supported gravels.

Gypsum Wash Region VC-11,
V C -12 and V C -13
Cores VC-11, VC-12, and VC-13 were collected along the thalweg o f the pre
impoundment Gypsum Wash in Las Vegas Bay. Core VC-11 was collected -575 m
southeast o f the 1997 Gypsum Wash Delta Front (Twichell et al., 2001) in -1 2 m o f
water, core VC-12 was collected -3 2 0 m to the southeast o f V C-11 in -1 6 m o f water,
and core VC-13 was collected -2 1 0 m south o f VC-12 in -2 0 m o f water (Fig.

6

and

Table 1).
Core VC-11 is 125 cm in length and consists o f approximately 73.5% gravel, 4%
sand, 3.5% silt, and 19% clay based on the visual core description (Fig. 17). The upper
28 cm o f V C -11 are 1-7 cm thick dark gray to black and dark grayish-brown clay beds
with a 2 cm thick dark grayish-brown and a

2

cm thick brown silt interbed respectively at

0 cm and 5 cm from the top of the core. A wooden twig is observed at 20 cm from the
top of the core at the base o f a black clay bed. The lower 97 cm o f core V C -11 are
composed o f 2-30 cm thick granule to cobble sized brown gravel beds and a 5 cm thick
normal graded very coarse to fine sand bed at 28-33 cm from the top o f the core. The
contacts between the beds throughout the core tend to be sharp and irregular.
Core VC-12 is 104 cm in length and consists o f approximately 71% sand and 29%
clay based on the visual description o f the core (Fig. 18). The core is composed o f 7-45
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cm thick brown very-fine sand beds with

1 -8

cm thick dark gray to brown clay interbeds.

The contacts between the sand and clay interbeds tend to be abrupt and irregular.
Core VC-13 is 100 cm in length and consists o f approximately 36% gravel, 8 % sand,
and 56% clay based on the visual core description (Fig. 19). The upper 60 cm o f the core
consists o f 2-16 cm thick grayish-brown and black clay beds with a single 4 cm thick
normal graded brown medium- to fine-sand bed. There are some wooden twigs ~2 cm in
length and an ~ 8 cm long rootlet near the base o f the clay and sand interval o f the core at
54-62 cm from the top o f the core. The lower 40 cm o f the core are composed o f one 4
cm thick brown fine sand bed and a 36 cm thick interval o f brown gravel with sand. The
contacts between the beds in core VC-13 are sharp except for the upper contacts o f the
sand beds which tend to be gradational with the overlaying clay beds.

Las Vegas and Gypsum Wash Confluence
VC-1, VC-2, VC-3 and VC-4
Visual Core Description
Cores VC-1, VC-2, VC-3, and VC-4 were collected -1.1 km southeast o f the Las
Vegas Bay Marina in -2 4 m o f water (Fig.

6

and Table 1). These four cores were

collected more than 1.5 km from the mouth o f Las Vegas Wash in 2002. These cores
were collected within 7 m o f each other. Core VC-1 was collected the furthest outboard
o f the Las Vegas Wash, core VC-4 was the most proximal, and cores VC-2 and VC-3
were collected between the other two sites.
Cores VC-1, VC-2, VC-3, and VC-4 range in length from 180-237 cm (Table 1). The
overall content and lithological distributions within these four cores is fairly similar
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(Appendix 1). The upper 78-102 cm o f each core contains 0.5-21 cm thick grayishbrown, dark gray and black silt and fine- to very-fine sand beds with 0.5-14 cm thick dark
gray, grayish-brown, and black clay interbeds. Many o f the sand and silt beds in the
upper portion o f the cores contain abundant amounts o f fibrous plant material. Some o f
the sand and silt beds that are rich in plant material also contain 1.5-2 cm long outsized
masses (Figs. 20 and 21). The lower 102-141 cm o f the cores are composed o f 1-11 cm
thick dark gray to black clay beds with some 0.5-3 cm thick olive-gray and dark gray to
black medium- to very-fine sand and silt interbeds beds near their base. At the base o f
each core are 13-55 thick cm brown and gray coarse sand and gravel beds. Core VC-4
has two 3-5 cm long irregular shaped masses at 165 cm and 166 cm from the top o f the
core (Fig. 22 and 23). The contacts throughout the cores between the silt and sand beds
tend to be sharp while the contacts between the clay beds are both sharp and gradational.
Laser Particle Size Analvsis Core VC-1
LPSA was performed on 103 sediment samples collected from core VC-1 to
determine the fine-grained sediment distributions throughout the length o f the core, and
to validate the accuracy o f the visual core descriptions. Samples were collected every ~2
cm for core VC-1.
The LPSA results for core VC-1 have been plotted on a log normal graph where the
median grain size for each sample is represented by a square, and the 10* and 90*
percentiles are represented by vertical bars connecting the upper and lower

10

*

percentiles (Fig. 20). All 50* percentile values in core VC-1 are within 0.7-8.8 % percent
difference o f their duplicate sample (Appendix 2). Particle sizes range between ~1 pm to
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-398 pm based on smallest 10* and largest 90* percentile o f all measurements made for
core VC-1.
The majority o f the core is silt, - 6 6 % by volume, with intervals that are more clay or
sand-rich (Fig. 24). The top half o f the core is composed o f three normally graded sandy
intervals with thin clayey interbeds. The bottom half o f the core is composed o f a thick
clayey interval with a thin normally graded sandy interbed, and a thicker sandy interval
near the base o f the core.
'^^Cs Analvsis Cores VC-1 and VC-4
Gamma-ray spectroscopy was carried out on the sediment in the upper 168 cm o f core
VC-1 and a 36 cm long portion near the base o f core VC-4 to determine the
concentrations o f the anthropogenic isotope '^^Cs within these cores (Figs. 20 and 22).
An overall increase in the '^’Cs concentration from -0.01 Bq/g to -0.05 Bq/g in core VC1 can be observed at 168 cm to 142 cm from the top o f the core. Samples collected at
156-158 cm and 146-148 cm have elevated concentrations o f *^’Cs measured at -0.09
Bq/g and -0 .1 4 Bq/g respectively. Between 142 cm to 78 cm from the top o f the core
relatively little or no '^^Cs was detected, concentrations range from -0 .0 2 Bq/g to values
below the minimal detectable analysis (MDA) o f the instrument (M. Rudin, personal
communication). There are at least four intervals in the upper 78 cm o f sediment in core
VC-1 that show a similar pattern o f increasing '^ C s concentrations separated by intervals
with relatively little or no detectable '^^Cs; 78-58 cm, 44-34 cm, 34-12 cm, and 8-2 cm
all have higher *^’Cs concentrations.
A large cobble size clast at base o f core VC-1 did not permit '^^Cs analysis below 168
cm from the top o f the core (M. Rudin, personal communication). Therefore, a
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correlative interval at the base o f core VC-4, between 176-140 cm from the top o f the
core, was analyzed for '^’Cs concentrations to locate the first occurrence o f *^’Cs within
the sediment profile (Fig. 22). No detectable levels o f ’^’Cs were measured in the
sediment samples below 168 cm from the top o f core VC-4. Between 168-156 cm the
'^’Cs concentrations increase from less than 0.01 Bq/g to -0.05 Bq/g. Between 156-140
cm the '^^Cs concentrations decrease from -0.03 Bq/g to less than 0.01 Bq/g.

Las Vegas Bay Upper Main Channel
Axis VC-9 and VC-14
Visual Core Descriptions
Core VC-9 was collected in the thalweg o f the pre-impoundment Las Vegas Creek,
core VC-14 was collected along the northern margin o f the main channel axis in Las
Vegas Bay (Fig. 25). Core VC-9 was collected -2 .5 km east o f the Las Vegas Bay
Marina in -4 2 m o f water (Table 1). Core VC-14 was collected -4 1 0 m east-northeast of
core VC-9 in -4 5 m o f water. These cores were collected more than 3 km from the
mouth o f Las Vegas Wash in 2002.
Core VC-9 is 148 cm in length and consists o f approximately 20% gravel, 16% sand,
14% silt, and 50% clay based on the visual description (Fig. 26). The upper 28 cm o f the
core are 0.5-6 cm thick grayish-brown, dark-gray, and black clay beds with 1-3 cm thick
normal graded dark-grayish brown silt interbeds. There is abundant plant material near
the base o f the sand and silt intervals o f the core at 41-64 cm.
The lower 83 cm o f the core are composed o f 0.5-18 cm thick brown and dark gray
clay beds with 3-5 cm thick brown and dark gray silt and very fine sand interbeds. At the
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base of the core is a 29 cm thick poorly sorted sand and gravel bed. The contacts
between the beds in VC-9 are predominately sharp except for contacts between the sand
and silt interbeds. The silt interbeds at the top o f the core are also gradational with the
clay beds.
Core VC-14 is 236 cm in length and consists o f approximately 33% gravel, 13%
sand, 3% silt, and 51% clay based on the visual description (Fig. 27). The upper 138 cm
o f the core are 1-20 cm thick dark gray, olive, brown, and black clay beds with 0.5-9.5
cm thick dark-grayish brown, dark gray and olive sand and silt interbeds. Plant material
is present in a silt bed -135 cm from the top o f the core barrel.
The lower 95 cm o f the core are composed o f 2-36 cm thick brown and light reddishbrown medium to very fine sand and coarse gravel beds. The contacts between the beds
in V C -14 are predominately sharp in nature. Several o f the contacts throughout the
length o f the core are inclined.
Laser Particle Size Analvsis Core VC-9
LPSA was performed on 73 sediment sample collected from core VC-9 to determine
the fine-grained sediment distributions throughout the length o f the core, and to validate
the accuracy o f the visual core descriptions. Samples were collected every - 2 cm for
core VC-9.
The LPSA results for core VC-9 have been plotted on a log normal graph in the same
manner as those described for VC-1 (Fig. 28). All 50* percentile values in core VC-9 are
within a 0.1 -32.1 % percent difference o f their duplicate sample (Appendix 2). Particle
sizes range between -1 pm to -151 pm based on smallest 10* and largest 90* percentile
o f all measurements made for core VC-9.
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Core VC-9 is predominately silt, -70% by volume, with intervals that are more clay
or sand-rich (Fig. 28). The top half o f the core is composed of three sandy intervals with
thin clayey interbeds; two o f the sandy intervals are normal graded. The bottom h alf o f
the core is composed of a thick clayey interval with two thin normally graded sandy
interbeds, and a third sandy interval with a clay interbed near the base o f the core.
'^^Cs Analvsis Core VC-9
Gamma-ray spectroscopy was carried out on the sediment in the upper 134 cm o f core
VC-9 to determine the concentrations o f the anthropogenic isotope '^’Cs within the core
(Fig. 26). In VC-9 no detectable levels o f '^^Cs were measured in the sediment samples
below 126 cm from the top of the core barrel. The deepest detectable occurrence o f '^’Cs
was recorded in the sediment at 124-126 cm. Between 124-110 cm the '^^Cs
concentrations increase from less than 0.01 Bq/g at 124 cm to -0.03 Bq/g at 110 cm. The
'^’Cs concentrations decrease from -0.03 Bq/g at 110 cm to -0.01 Bq/g at 100 cm, and
increase from -0.01 Bq/g at 100 cm to -0.06 Bq/g at

88

cm. The general trend o f *^’Cs

concentrations decreases from -0.06 Bq/g to less than 0.01 Bq/g and values below MDA
between 88-30 cm from the top o f the core. At 68-64 cm the '^^Cs concentrations
slightly deviate from the general trend with moderately elevated values at -0.01 Bq/g.
The highest concentration o f '^^Cs -0.08 Bq/g occurs at 26-28 cm from the top o f the
core barrel.
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Las Vegas Bay Mid-Main Channel
Axis V C -15
Visual Core Description
Core V C -15 was collected along the northern margin o f the main channel axis in Las
Vegas Bay (Fig. 25). Core VC-15 was collected ~5 km southeast o f the Las Vegas Bay
Marina in -7 0 m o f water (Table 1). This core was collected more than 5.5 km from the
mouth o f Las Vegas Wash in 2002.
Core VC-15 is 149 cm in length and consists o f approximately

6 8

% gravel, 10%

sand, < 0.5% silt, and 22% clay based on the visual description (Fig. 29). The upper 54.5
cm o f the core are composed o f 0.5-7 cm thick dark gray, grayish-brown, and black clay
beds. The lower 87.5 cm o f the core are composed o f a 69 cm thick normal graded gravel
bed with some plant material at the base o f the core, and a 25.5 cm thick interval o f 0.5-7
cm thick grayish-brown coarse to very fine sand beds with 2-4 cm thick lenses o f granule
sized gravel and a

1

cm silt bed with some dark woody plant material at the top o f the

sand interval. The contacts between the beds in VC-15 are predominately gradational.
Laser Particle Size Analvsis
LPSA was performed on 73 sediment samples collected from core VC-15 for the
same reasons discussed earlier. Sample spacing for core VC-15 LPSA was at a 0.5-2 cm
interval. The LPSA results for core VC-15 have been plotted on a log normal graph in
the same manner as those described for VC-1 (Fig. 29). All duplicate samples that were
tested for reproducibility are within a percent difference o f 0.9-4.8 % for the 50*
percentiles (Appendix 2). Particle sizes range betw een-1 pm to -5 5 7 pm based on
smallest 10* and largest 90* percentile o f all measurements made for core VC-15.
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The majority o f the upper portion o f core is silt and clay, -6 7 % and -31%
respectively by volume, with intervals that are more or less clay-rich (Fig. 30). Very
little sand is present in VC-15. The top half o f the core is characterized by two intervals
that are slightly coarser than the remainder o f the core with very minor amounts o f sand
(up to -2% ). The bottom half o f the core is also characterized by two slightly coarser
intervals with very minor amounts o f sand and elevated silt content (up to -74% ). The
top o f a sand interval near the base o f the core where there appears to be mixing with the
overlaying clay was shown to be normally graded, increasing in sand content at depth
(10-56%).

Las Vegas Bay Lower Main
Channel Axis VC-16
Visual Core Description
Core VC-16 was collected in the thalweg o f the pre-impoundment Las Vegas Creek,
-7.75 km southeast o f the Las Vegas Bay Marina in -113 m o f water (Fig. 31 and Table
1). This core was collected more than

8

km from the mouth o f Las Vegas Wash in 2002.

Core VC-16 is 121 cm in length and consists o f approximately 21% gravel, 11%
sand, 16% silt, and 52% clay based on the visual description (Fig. 32). The upper 49 cm
o f the core are 1-9 cm thick dark-grayish brown, dark gray and black fine sand and silt
beds with 0.5-5 cm thick dark gray, brown, and light yellowish-brown clay interbeds.
There is abundant plant material in many o f the sand and silt beds. The contacts between
the beds in the upper 49 cm o f core VC-16 are predominately sharp with some
gradational contacts between the sand and silt beds.
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The lower 72 cm of the core are composed o f a 0.5-8.5 cm dark gray, black, and
brown clay beds with a single 3 cm brown fine sand interbed at 78 cm, and a 26 cm
coarse sand and gravel bed at the base o f the core. The contacts in the lower 72 cm of
core V C -16 are both sharp and gradational.
Laser Particle Size Analvsis
LPSA was performed on 57 sediment sample collected from core VC-16. Samples
were collected every ~2 cm for core VC-16. The LPSA results for core VC-16 have been
plotted on a log normal graph in the same manner as those described for VC-1 (Fig. 32).
All duplicate samples that were tested for reproducibility are within a percent difference
o f 0.4-9.3% for the 50* percentiles (Appendix 2). Particle sizes range between ~1 pm to
-100 pm based on smallest 10* and largest 90* percentile of all measurements made for
core VC-16.
The majority o f core VC-16 is silt, -6 9 % by volume, with intervals that are more clay
or sand-rich (Fig. 33). The top half o f the core is composed of three sandy intervals with
thin clayey interbeds; two o f the sandy intervals are graded normal. The bottom half o f
the core is composed o f a thick clayey interval with a normally graded sandy interbed
near the base o f the core.
'^^Cs Analvsis Core
Gamma-ray spectroscopy was carried out on the sediment in the upper 98 cm o f core
VC-16 to determine the concentrations o f the anthropogenic isotope '^^Cs within this core
(Fig. 32). No detectable levels o f '^’Cs were measured in the sediment samples below 84
cm from the top o f core VC-16. The deepest detectable occurrence o f '^’Cs was recorded
in the sediment at 82-84 cm. Between 84-72 cm the '^’Cs concentrations increase from
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less than 0.01 Bq/g at 85 cm to -0.02 Bq/g at 73 cm. The '^’Cs concentrations decrease
from -0.02 Bq/g at 73 cm to -0.01 Bq/g at 67 cm, and increase from -0.01 Bq/g at 67 cm
to -0.04 Bq/g at 63cm. The general trend o f '^^Cs concentrations decreases from -0.04
Bq/g to less than 0.01 Bq/g and values below MDA between 64-32 cm from the top o f
the core. At 50-46 cm the '^^Cs concentrations slightly deviate from the general trend
with moderately elevated values at -0.01 Bq/g.
There are three intervals in the upper 32 cm o f sediment in core VC-16 that have
elevated *^^Cs concentrations separated by intervals with no detectable *^^Cs; 32-30 cm,
24-20 cm, and 16-0 cm all have elevated concentrations o f ’^^Cs (Fig. 32).

Las Vegas Wash Deltas 2000 and 2003
Bathvmetrv Survevs
A gross sediment accumulation map and two 3D models were developed from
bathymetric data collected in 2000 (D. Twichell, personal communication) and in 2003 as
part o f this study to determine the morphology o f the lake floor at the time the two
surveys were conducted and to determine any change that had taken place on the lake
floor during this 31 month period. The lake elevation decreased 15.75 m between the
two surveys.
Figure 34 displays the gross sediment accumulation maps generated from the June
2000 and January 2003 bathymetry surveys. The northwestern limits o f the two surveys
represent the approximate position o f the shorelines at the time the two surveys were
conducted. The northwestern limit o f the January 2003 survey is -1 .4 km further in the
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basin than the June 2002 survey (Fig. 10). Maximum sediment accumulation is about 4.1
m within the IDW model and 5.0 m within the Kriging model (Fig. 34).
The majority o f the area covered by the January 2003 survey shows little or no gross
sediment accumulation, the bulk o f the sediment accumulation is confined to the
northwestern portion o f the survey except for minor accumulations to the east in the
deeper portions o f Las Vegas Bay (Fig. 34).
The IDW interpolated surfaces have smaller percent deviations from the measured
data points than the Kriging interpolated surfaces (Table 2). The resulting IDW sediment
accumulation calculation also displays fewer interpolation artifacts between the

2 0 0 0

and

2003 data points than the Kriging calculation surface (Fig. 34).
Figure 35a is the TIN results generated from the June 2000 bathymetry survey in a
3D perspective view looking to the northwest up at the 1997 Las Vegas W ash Delta
(Twichell et al., 2001). There are -1 5 m o f relief fi om the top o f the delta structure down
to the prodelta lake floor. The delta fi'ont is -1 0 0 m across covering the entire width of
the pre-impoundment Las Vegas Creek Valley.
Figure 35b shows the TIN results generated from the January 2003 bathymetry survey
overlain onto the June 2000 TIN results using the same 3D perspective view and looking
fi-om the same vantage point as in Figure 35 a. The January 2003 survey covers a fraction
o f the area covered by the June 2000 bathymetry survey because o f a -1 6 m lowering in
lake level and subsequent shoreline regression.
The elevation o f the lake floor is higher along the western limit o f the January 2003
survey. The subaerial delta top o f the January 2003 delta was not measured during the
bathymetry survey. The northwestern limit o f this survey was constrained by the location
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of the shoreline at the time the survey was condueted. Therefore the delta top in Figure
48b is an extrapolation o f the lake elevation at the time o f the survey, (351.5 m) -7 .5 m
beyond the western extent o f the January 2003 survey to the 1997 Delta Front (Twichell
et al., 2001); the bow of the boat was pushed against the delta front, the boat is 7.5 m
long. There are -1 5 m o f relief from the top o f the January 2003 delta structure down to
the prodelta lake floor (Fig. 35a). The January 2003 delta front is -2 5 0 m across filling
the entire width o f the pre-impoundment Las Vegas Creek Valley (Fig. 35b).

Las Vegas Wash
Shoreline Mapping
To help evaluate the timing o f deposition and the effects that sediment accumulation
had on the evolution o f the lower Las Vegas W ash east o f the North Shore Road Bridge,
several historical shoreline positions were plotted on a DOQ mosaic o f the same area
along with the corresponding elevations o f Lake Mead at the time each respective
shoreline position was identified (Fig. 11). The oldest documented shoreline position
observed in this study was digitized from a georeferenced topographical map in AreGIS
8.3 when the lake elevation was 352.7 m (1157 ft) in 1970 (USGS topographic map,
1970). Two additional elevations were digitized from the same topographical map using
the westernmost limits where the 365.8 m (1200 ft) and 372.2 m (1221 ft) contours cross
the Las Vegas Wash (Fig. 11). The shoreline position in May 1994 was digitized from
one of the DOQ images used as a base map for Figure 33 (Keck, 2004), the lake elevation
was picked from historic daily elevation records (Bureau o f Reclamation Records, 2004).
Approximate shoreline positions were generated from the westernmost limit o f the June
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2000 and January 2003 bathymetric surveys in Las Vegas Bay, lake elevations at the time
o f the surveys were respectively 367.3 m (1205 ft) and 351.4 m (1153 ft). A seventh
shoreline position was mapped in the field using a topographical map in February 2004
when the lake elevation was 347.5 m (1140 ft) and then digitized using AreGIS 8.3
software.
Photomosaic Mapping
Between October 2003 and March 2004, six panorama photomosaics were
constructed for portions o f the lowermost Las Vegas Wash east o f Lake Shore Road
Bridge (Appendix 3). These photomosaics were going to be used to characterize and
map the vertical stacking and lateral distribution o f post-193 5 Lake Mead sediment
currently exposed in these portions o f the Las Vegas Wash.
High-resolution images o f each photomosaic sequence and a site map displaying the
location o f each sequence within the Las Vegas Wash can be located in Appendix 3. O f
the sediment observed throughout the lower Las Vegas Wash, the finer-grained clay-rieh
material tends to be expressed in outcrop as cohesive, massive and cliff forming units
while the coarser-grained material composed o f sand and gravel beds tend to be less
cohesive and form slopes o f talus.
Site D] is the westernmost photomosaic sequence collected in Las Vegas Wash. It
covers an area that is -125 m by 1-9 m o f (lateral by vertical) exposed sediment on the
northern portion o f Las Vegas Wash (Figs. 11,36 and Appendix 3). This locale is
characterized by 0.1-1 m thick subhorizontal clay beds with 0.05-0.1 m thick rippled sand
and silt beds (Fig. 36). The easternmost portion o f photomosaic Di is characterized by at
least two

-1

and - 2 m thick stacked coarsening upwards sequences o f clay, silt and
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rippled sand beds. These beds are truncated and onlapped by 0.05-0.5 m clay and silt
beds to the west. The clay and silt beds that onlap the eastern portion o f Di are more
clay-rich and are underlain by a thin ~ 0

.1

m sandy gravel bed in the east, and tend to

increase in silt and sand content to the west. The clay beds in the western portion o ff),
tend to drape over the underlying topography composed o f sand and silt beds. An
intermittent 0-0.25 m thick gravel bed can be seen along the top o f photomosaic D,
excluding the easternmost portion o f the outcrop.
Site Ds covers -125 m b y -1.5-2 m (lateral by vertical) exposed sediment along the
northern portion o f the Las Vegas Wash (Figs. 11,37 and Appendix 3). The western
portion of site D$ is composed o f 0 .0 1 - 0 . 1 0 cm thick eastward dipping rippled sand and
gravel beds. The sand and gravel beds become thinner and are tangential to the creek bed
in the eastern portion of site D 5 (Fig. 37). The upper portions o f the tangential clinoforms
in the eastern portion of site D 5 are truncated and overlain by 0.25-0.50 m thick
subhorizontal gravel beds in a series o f downward stepping terrace, down to the east (Fig.
37).
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CHAPTER 5

INTERPRETATION
Las Vegas Wash Region VC-5,
VC - 6 and V C -10
Core. Sidescan Sonar and Seismic Validation
Cores VC-5, VC-6 , and VC-10 were collected more than 100 m outboard o f the 1997
delta front as interpreted from sidescan sonar, seismic and lake history data by Twichell
et al. (2001). The top o f core VC-5 has a clay-rich very fine sand horizon with some
fibrous plant material (Fig. 12). This sandy mud Ethology correlates well with the
moderate backscatter sidescan sonar signal observed at the same location (Fig. 6 ). The
top of core VC - 6 has a very fine to fine sand unit with little visible clay (Fig. 13). The
clean fine sand bed observed at the top o f core VC - 6 correlates well with the high
backscatter sidescan sonar signal observed at this location (Fig. 6 ). The top o f core VC10 is composed o f silty clay (Fig. 14). This Ethology correlates fairly well with the
moderate backscatter sidescan sonar signal observed at the same location (Fig. 6 ).
There was essentially no seismic penetration o f the substrate in this portion o f the
basin (Twichell et al., 2001). However, there appears to be a correlation between the
amplitude o f the lake bottom seismic reflector strength and the sidescan sonar return
signals observed at this location. Seismic line L09 was collected perpendicular to the
drainage direction o f the Las Vegas Wash near site locations VC-5 and VC - 6 (Fig. 6 ).
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The northern portion o f L09 is characterized by a flat lying high amplitude reflector that
dips very subtly to the south near the center o f the channel (Fig. 38). The southern
portion o f L09 is characterized by a moderate amplitude relatively flat lying reflector
(Fig. 38). The bright reflector in the northern portion o f L09 transects the same region
the high backscatter signal is observed in sidescan sonar data (Fig. 6 ). The moderate
amplitude reflector in the southern portion o f L09 transects the same region the moderate
backscatter signal is observed in the sidescan sonar data (Fig. 6 ).
Seismic line L59 is a dip profile along the northern portion o f the submerged Las
Vegas Wash that transects the 1997 Las Vegas Wash Delta front (Twichell et al., 2001)
and the northwestern portion o f the high backscatter region that is observed -2 5 0 m
outboard o f the 1997 Las Vegas Wash Delta front in sidescan sonar data (Fig. 6 ). The
southeastern portion o f L59 is characterized by a single high amplitude reflector that can
be traced to the northwest to form two southeastward dipping convex features that
correlate very well with the high backscatter region observed in the sidescan sonar data
(Figs.

6

and 39). The northwestern portion o f L59 was described by Twichell et al.

(2001) as the 1997 Las Vegas W ash Delta. Note the transition from the flat laying delta
top in the northwest to the steeply inclined delta front (Fig. 9 o f Twichell et al., 2001).
1997 Las Vegas Wash Delta Front Fans
A 50-100 m wide by 500 m long region of high backscatter sand is described by
Twichell et al. (2001) a few hundred meters beyond the 1997 Las Vegas Wash Delta
front (Fig. 6 ). This sandy region is at least 15-30 cm thick at its northwestern extent as
observed in the upper portion o f core VC - 6 and may persist -1 0 0 m southwest to the
location o f core VC-5 where it becomes more elay rich with abundant plant material and
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thickens to 41 cm. The 1.9 m of clay and moderate silt observed in the upper portion o f
core VC-10 suggest that the sandy region discussed above does not persist to the
southeast from site VC-5 as it does to the southwest to site VC - 6 (Fig. 6 ).
While the sand beds in the upper portions o f cores VC-5 and VC - 6 appear to be
laterally continuous, they may not be time correlative. Two years elapsed between the
time the sidescan sonar survey was conducted (June 2000) and when the cores were
collected in Las Vegas Bay (June 2002). Over this two year period the lake elevation
lowered more than 13 m bringing the shoreline position roughly to the 1997 Las Vegas
Wash Delta front location (A. Ehrenberg, personal communication). Also during this two
year period mean daily discharges in Las Vegas Wash reached > 600 cfs multiple times
(Fig. 3). The removal of accommodation by lowering lake level with sizeable volumetric
fluvial discharges probably resulted in erosion and subsequent deposition o f older deltaic
material outboard o f the 1997 Las Vegas Wash Delta front during this two year period.
During this time the high backscatter sand depocenter inferred from the sidescan sonar
data may have shifted from the northern portion o f the Las Vegas Wash channel at site
VC - 6 in 2000 to the south near site VC-5 where it became more enriched in clay and
plant material in

2002

as lake level fell and erosion took place in the subaerial portion o f

the Las Vegas Wash.
The high backscatter sand region described by Twichell et al. (2001) may have been
deposited during an

8

month period (June 1994 - January 1995) when the lake elevation

remained below 360 m before returning to higher elevations in 1997 and moving active
deposition back to the west. Alternatively, the high backscatter sand region described by
Twichell et al. (2001) may have been deposited as a result of several o f the largest storm
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events recorded to date in the Las Vegas Wash during the summer months o f 1998 and
1999 (USGS, 2000a; 2000b).
A narrow, -3 0 m wide, incision in the 1997 Las Vegas Wash Delta front may be
resolved in a 3D model developed from bathymetric data collected in 2000 (Fig. 35a).
When compared with the 2000 sidescan sonar data (Fig. 6), this incised channel appears
to have been the conduit by which the high backscatter sand discussed above was
transported to the lake floor. The incised channel cuts into the 1997 delta front and is
directly up dip from the high backscatter sand region (Figs. 6 and 35a). This scenario is
analogous to the shelf edge sediment staging area for deep-water sediment gravity flow
units discussed by Posamentier and Allen (1999). The shelf edge in this example is
analogous to the 1997 Las Vegas Wash Delta front and the high backscatter sand region
is analogous with lowstand fan deposits (e.g., Posamentier and Vail, 1988).
The two high amplitude convex features observed in the eastern portion o f seismic
line L59 may be the topographic expression o f deep water delta front fan complexes that
formed from turbid density flows off the delta at times o f elevated sediment supply from
Las Vegas Wash (Fig. 39). Seismic line L09 is a strike profile that transects the Las
Vegas Wash and the westernmost deep water fan described above (Figs. 6 and 38). It is
apparent from the change in elevation and reflector strength across the wash in seismic
line L09 that the clean sand observed at the top o f core VC-6 (bright reflector) is not
laterally continuous to site VC-5 (moderate reflector) where a clay rich sand is observed
at the top o f the core (Figs. 12 and 13).
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1968 Las Vegas Wash Delta Deposits
The mud observed in the upper 1.9 m o f core V C -10, suggest that this core was
collected in the prodelta region o f the 1997 Las Vegas Wash Delta (Twichell et al.,
2001). The sand beds in the lower portion o f the VC-10 core may represent a time when
the Las Vegas Wash Delta was supplying sand up to 125 m further into the basin than in
2002, perhaps between 1965-1968 during the formation o f the 1968 Las Vegas Wash
Delta when the lake elevation was 343-348 m (Twichell et al., 2001), or between
September 1990 and January 1993 when lake elevation fell below 360 m for 28 months.
Alternatively, the sand beds may have been deposited as a result o f coarse-grained
turbidity currents from storm events, or slumping sourced from an active delta front
(Twichell et al., 2001).
There is no direct means within this study to constrain the timing o f deposition for the
sediment observed in cores VC-5, VC-6 and VC-10. However, based on the lake history
data and the elevations that the cores were collected from (Fig. 3 and Table 1), it is
evident that the shore line position during the formation o f the 1968 Las Vegas Wash
Delta was approximately at the same location as core VC-10. Additionally, -7 7 % o f the
total thickness o f post-impoundment sediment was recovered in core VC-10 based on the
observed thickness in the core (-2.25 m) and the post-impoundment sediment thickness
calculation proposed by Twichell et al. (2003) at site VC-10 (-2.9 m) (Fig. 8). Twichell
et al. (2001) estimated that the 1968 Las Vegas Wash Delta was supplied -7 5 % less
sediment than the 1997 Las Vegas Wash Delta, and that the majority o f post
impoundment sediment accumulation that has occurred in Las Vegas Bay has been in the
prodeltaic regions o f the basin. In light o f these observations with regards to the lake
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elevation, core location and the stratigraphie position o f the deposits, it is probable that
the sand beds at the base o f core V C -10 were deposited by the 1968 Las Vegas Wash
Delta (Twichell et al., 2001).
Cores VC-5 and VC-6 were collected at an elevation ~2 m higher than core VC-10
and may have been subaerially exposed at the time the majority o f the 1968 Las Vegas
Wash Delta was being deposited (Fig. 3 and Table 1). Sites VC-5 and VC-6 were
transgressed as late as 1969 and have been subaqueous since that time until the most
recent drawdown in lake level (Fig. 3). The sand beds at the base o f core VC-6 are
interpreted to have been deposited during the latest phase o f the 1968 Las Vegas Wash
Delta activity. The clay beds above the sand beds -2.1 m from the top o f core VC-6 are
interpreted to have been deposited at approximately 1969 when the reservoir was filling
to capacity, (1965-1988 transgression in Fig. 3).

Las Vegas W ash Region VC-7 and VC-8
Core. Sidescan Sonar and Seismic Validation
These two cores were collected more than 1 km from the mouth o f Las Vegas Wash
in 2002. They were collected in the prodelta region o f the 1997 Las Vegas Wash Delta as
described by Twichell et al. (2001). The upper portions o f cores VC-7 and VC-8 both
have clay beds with only minor amounts o f silt (Figs. 15 and 16). These clay rich
intervals observed at the tops o f the two cores correlate well with the low backscatter
sidescan sonar signal observed at the same locations (Fig. 6).
The southern portion o f seismic line L37 (Twichell et al., 2003), transects the location
where core VC-7 was collected in Las Vegas Bay (Fig. 6). Core VC-7 was collected
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from a region with an inclined surface that dips to the north at -3 5 “ (Fig. 40a). The post
impoundment sediment (Twichell et al., 2001) in the southern portion o f L37 onlaps the
pre-impoundment reflector (Twichell et al., 2001) to the south, and appears to thicken
down dip to the north with a single discontinuous high to low amplitude internal reflector
that downlaps onto a bright pre-impoundment reflector (Twichell et al., 2001) in the axial
valley of Las Vegas Bay (Fig. 40a). East o f site location VC-7 the lake bottom reflector
strength in seismic line L37 increases and decreases in amplitude and generally dips to
the south (Fig. 40a). The amplitude variations o f this reflector in seismic line L37
correlate well with the sidescan sonar signals observed on the lake floor east o f site VC-7
(Fig. 40a). The high amplitude reflectors observed in seismic line L37 correlate with the
moderate backscatter sidescan sonar regions, and the areas with moderate to low
amplitude seismic reflectors correlate with the low backscatter sidescan sonar regions
(Fig. 6). In the central portion o f seismic line L37, about 150-300 m northeast o f site
VC-7, are two pockets o f low amplitude seismic reflectors each -3 0 m and -6 0 m wide
with at least 1-1.5 ms o f post-impoundment sediment accumulation (Fig. 40a). These
features are set within a -200 wide flat laying region o f the high amplitude pre
impoundment reflector described by Twichell et al. (2001) (Fig. 40a). The western
pocket o f low amplitude seismic reflectors correlates well with a -3 0 m wide southeast
trending swath o f low backscatter sidescan sonar signal exiting the Las Vegas Wash
region (Fig. 6).
The south-central portion o f seismic line L50 (Twichell et al., 2003) (Fig. 41a)
transects the location were core VC-8 was collected in Las Vegas Bay (Fig. 6). The
location o f core VC-8 is centrally located within a -1 2 0 m wide accumulation o f post-
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impoundment sediment (Twichell et al., 2001) that is up to 2.3 ms thick (Fig. 41a). This
post-impoundment sediment is characterized by moderate-amplitude flat lying reflector
that appears to dip to the south, and one to two internal moderate to low amplitude
reflectors that appear to mimic an irregular underlying pre-impoundment reflector that
has both high and low amplitude characteristics (Fig. 41a). In seismic line L50 the post
impoundment sediment onlaps the pre-impoundment reflector to the north o f location
VC-8 where it displays a -3 0 m wide topographically elevated region (Fig. 41a). This
high amplitude topographic expression in seismic line L50 correlates with a linear -250
m long by -2 5 m wide west-northwest trending ultrahigh backscatter sidescan sonar
feature at the same location in Las Vegas Bay (Fig. 6). From seismic line L50, it is
apparent that the majority o f post-impoundment sediment (Twichell et al., 2001) has
accumulated to the south o f the topographic feature discussed above and to the north o f a
pre-impoundment terrace south o f VC-8 (Fig. 41a).
Sediment Thickness
The 21-31cm gravel intervals observed at the base o f VC-7 and VC-8 are interpreted
to represent the Las Vegas Creek pre-impoundment (1935-1938) surface onto which
Lake Mead related sediment was deposited (Covey and Beck, 2001; Prentki, 1981) (Figs.
15 and 16). The post-impoundment sediment thickness calculated from seismic data at
sites VC-7 and VC-8 are respectively -1 .2 m and -2 .3 m thick (Twichell et al., 2001).
These calculations over estimate the observed thickness o f post-impoundment sediment
in core VC-7 by -6 0 cm and -7 5 cm in core VC-8 (Fig. 8).
The locations where cores VC-7 and VC-8 were collected, have been subaqueous
from 1965 to the present, and as such may represent a complete depositional record for
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this 37 year period (Fig. 3 and Table 1). Core VC-7 was collected -2 3 0 m closer to the
Las Vegas Wash, yet core VC-7 has significantly less post-impoundment sediment
accumulation than core VC-8, (63 cm and 154 cm respectively) and is deficient in overall
clay content relative to core VC-8, (30% and 59.5% respectively based on visual
descriptions). These differences in post-impoundment sediment accumulations may be a
function o f accommodation, because core VC-7 was colleeted at an elevation -4 .8 m
above core VC-8. The differenees in post-impoundment sediment accumulation may also
be an effect o f basin morphology controlling the path sediment laden underflow currents
travel down the valley axis in Las Vegas Bay (Twichell et al., 2001) or a combination o f
the two proposed explanations.
Subaqueous Roadway Reinterpreted
Approximately 135 m northwest o f site VC-7, an 80-100 m wide low backscatter
region covers a narrow northeast trending sinuous -1 km long ultrahigh backscatter
feature interpreted by Twichell et al. (2001) as a rock outcrop (Fig. 6). The rock outcrop
interpretation for the ultrahigh backscatter feature proposed by Twichell et al. (2001) may
be incorrect; this feature may actually be anthropogenic in origin. Seismic line L90 is a
dip profile that traverses this feature (Fig. 6). It can be seen in L90 that this rock outcrop
feature as described by Twichell et al. (2001) is relatively flat lying and is bound to the
north by an elevated region with - 4 m o f relief (Fig. 42a). Following the trend o f this
ultrahigh backscatter feature in Las Vegas Bay to the west beyond the area covered by
the sidescan sonar survey onto a DOQ collected in 1996, this feature continues -7 5 0 m to
the west where it meets Lake Shore Road (Fig. 11). It seems plausible that this feature is
not a rock outcrop, but rather the expression o f an abandoned roadway that was used at a
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time when the lake elevation was much lower than present (A. Ehrenberg, personal
communication).
Phvsiogranhic Controls on Deposition
Basin physiography and thus sediment source area appears to be the primary control
on the differences observed in cores VC-7 and VC-8. The central portion o f the
reinterpreted roadway discussed above is covered by low backscatter mud (Fig. 6). This
suggests that the lateral portions o f the valley have not accumulated enough sediment to
cover over this feature. The 80-100 m wide low backscatter area covering the ultrahigh
backscatter roadway may represent a sediment fairway that the bulk o f material is being
transported along from the Las Vegas Wash region into Las Vegas Bay proper (Fig. 6).
The sediment exiting the Las Vegas Wash region at the roadway travels northeast of
site VC-7 and eventually reaches site VC-8. It is not apparent what exact path the
sediment travels from the roadway to site VC-8. Seismic line L37 may resolve a mud
channel -1 3 0 m northeast o f site VC-7, or alternatively sediment exiting Las Vegas Bay
may travel along the topographic low visible in the same profile (Figs. 6 and 40b).
However, it is apparent that sediment exiting from the Las Vegas Wash has not
accumulated at site VC-7.
Core VC-7 was collected outside o f the central sediment fairway in a region that
receives material from one or more southwestern tributaries to Las Vegas Bay. Site VC7 has accumulated mostly coarse-grained material presumably at times o f elevated
sediment influx, i.e., storm events, that were sourced from ephemeral flowing lateral
tributaries to the southwest (Figs. 2 and 7). Site VC-8 is located within the central
sediment fairway receiving material from multiple sourees; the perennial Las Vegas
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Wash and ephemeral lateral tributaries to the south and north o f this location (Figs. 2 and
7). Seismic line L37 illustrates that core VC-7 was collected in a topographically
elevated region above the main channel axis in Las Vegas Bay and is receiving sediment
from the west, a lateral tributary, rather than from the northwest, i.e., the Las Vegas Wash
source (Fig. 40b). The presence o f several amalgamated normally graded coarse and
very fine sand to silt beds throughout the length o f core VC-7 with few clay interbeds
support the interpretation o f laterally sourced episodic event deposition at site VC-7 (e.g.,
Einsele et al., 1991).
Site VC-8 has accumulated fine clay material at times o f low fluvial discharges or
high lake elevation when the shoreline is far to the west o f location VC-8, and coarser
grain material during episodic storm events (Einsele et al., 1991) or at times o f low lake
elevation when the shoreline position is proximal to location VC-8.
It is known from the lake history data that the locations o f these cores were not
subaqueous throughout the entire history o f the reservoir (Fig. 3 and Table 1). W hen the
elevation o f the tops o f these cores are plotted against mean monthly lake elevation data
it suggests that these locations were subaerially exposed multiple times; two to three
times fi-om 1955-1957 and once from 1964-1965. The only definitive evidence o f
prolonged subaerial exposure observed in these cores is an interpreted desiccation crack
in VC-8 at 151 cm from the top o f the core (Fig. 16). Providing the mud crack
interpretation is correct, all that can be deduced from this evidence is that relatively little
deposition or preservation o f previously deposited sediment took place at this local prior
to 1955 or 1964. No specific age constraints can be placed onto this exposure surface
other than it was formed some time between 1955 and 1965. The most likely time of
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exposure and formation o f this surface is prior to 1957 before the shoreline subsequently
transgressed site VC-8 for a -5 year period o f high lake level (Fig. 3). The silt bed at 137
cm from the top o f core VC-8 is interpreted to have been deposited during the 1964-1965
drawdown in lake level (Fig. 16). The dark organic rich lamellae interval underlying the
clayey-silt bed at 134 cm from the top o f the core is interpreted to represent a flooding
surface and condensed section that was formed during the rapid lake level rise to -345 m
in 1964 (1968 Las Vegas Wash Delta) (Loutit et al., 1988).

Gypsum Wash Region VC-11,
V C -12 and V C -13
Core. Sidescan Sonar and Seismic Validation
Cores VC-11, VC-12, and V C -13 were collected in the prodelta region o f the 1997
Gypsum W ash Delta (Twichell et al., 2001). The top o f VC-11 has two 2 cm thick silt
beds which correlate well with the high backscatter sidescan sonar signal observed at the
same location (Figs. 6 and 17). The upper portions o f cores VC-12 and VC-13 are both
clay with only minor amounts o f silt (Figs. 18 and 19). These clay rich intervals
observed at the tops o f the two eores correlate well with the low backscatter sidescan
sonar signal observed at the same locations (Fig. 6).
Core V C -11 was collected at an elevation -341 m according to the bathymetry data
collected at the time the core was recovered, and an elevation -3 4 6 m according to
seismic line L28 (Fig. 43a and Table 1). These elevations correspond with the 1968
Gypsum Wash Delta as described by Twichell el al. (2001). Seismic line L39 illustrates
the 1997 Gypsum W ash Delta as described by Twichell et al. (2001), and the correlation
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between the amplitudes o f the lake bottom reflectors and the sidescan sonar data (Figs. 6
and 7a). Bright sidescan sonar signals tend to correlate with opaque high amplitude
seismic reflectors while low to moderate backscatter sidescan sonar signals correlate with
transparent low amplitude seismic reflectors in this region (Figs. 6 and 7b).
Core V C -12 was collected in an area that is transected by the northern portions o f
seismic lines L50 and L51 (Fig. 6). There is relatively little seismic penetration in the
northern portions o f these lines (Figs. 41a and 44a). Core VC-12 was recovered from a
region where the lake bottom reflector (Twichell et al., 2001) appears to be inclined - 1 “
dipping to the southwest (Figs. 41a and 44a). The nature o f the reflectors in the two lines
is both high and low amplitude in the vicinity o f site VC-12. The high and low amplitude
nature o f the lake bottom reflector in seismic lines L50 and L51 appears to correlate with
a region of northwest trending linear to dendritic high and low backscatter sonar features
in the 1999 sidescan sonar data (Fig. 6). These dendritic features are not apparent in the
2000 sidescan sonar survey where it overlaps the 1999 sidescan sonar survey (Fig. 6).
Two elevated topographic expressions can also be observed along the pre
impoundment reflector in the north o f site VC-12 in seismic line L50 (Fig. 41a). The
post-impoundment sediment in this portion o f seismic line L50 appears to dip to the
southwest and onlap these two pre-impoundment topographic expressions (Fig. 41a).
Core VC-13 was collected in an area that is transected by seismic line L51 (Fig. 6).
There is little seismic penetration in the region where core VC-13 was collected (Fig.
44a). The lake bottom reflector in this portion o f seismic line L51 is both high and low
amplitude in nature and appears to dip to the south -2 ° (Fig. 44a). South o f site VC-13
the lake floor surface drops in elevation -2 .5 m and then expresses a topographically
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elevated region -3 5 m wide that correlates with the eastern extension o f the same
ultrahigh backscatter sidescan sonar feature observed north of site VC-8 (Figs. 6 and
44a). Post-impoundment sediment (Twichell et al., 2001) onlaps the pre-impoundment
refleetor surface to the north o f site VC-12 and to the south o f the ultrahigh backscatter
feature (Fig. 44a). The southern portion o f seismic line L51 also illustrates post
impoundment sediment onlap and downlap onto the pre-impoundment reflector surface
-3 0 0 m southwest o f site VC-13 (Fig. 44a).
Sediment Thickness
The tops o f the gravel beds observed at the base o f cores VC-11 and VC-13 are
interpreted to represent the pre-impoundment depositional surface onto which Lake Mead
sediment has been deposited in the Gypsum Wash Region (Covey and Beck, 2001 ;
Prentki, 1981) (Figs. 17 and 19). The post-impoundment sediment thickness calculated
from seismic data at sites V C-11 and VC-13 are respectively -1 .5 m and -0 .9 m thick
(Twichell et al., 2001). These calculations overestimate the thickness o f sediment at site
V C -11 by -1 2 0 cm, and -3 0 cm at site VC-13 based on the thickness o f post
impoundment sediment measured in their respective cores (Fig. 8).
As no gravel beds were collected in core VC-12 it is interpreted that the pre
impoundment depositional surface at this location is beneath more than 1 m o f post
impoundment sediment, the total thickness o f sediment recovered in the core (Table 1).
The post-impoundment sediment thickness calculated from seismic data at site VC-12 is
-1.5 m thick (Twichell et al., 2001). There is no means to verify the accuracy o f this
seismic thickness calculation using the core data since the core did not penetrate the pre
impoundment surface.
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Erosion and Subaerial Exposure
The thin -3 3 cm o f impoundment sediment observed in the upper portion o f core VC11 suggest that this prodelta location, relative to the 1997 Gypsum Wash Delta (Twichell
et al., 2001), experienced minor sediment accumulation throughout the history o f the lake
relative to site VC-13. Core VC-13 was eollected -0 .5 km outboard o f location VC-11
and has approximately two times the gross accumulation o f impoundment sediment, -6 4
cm (Fig. 6).
Site VC-11 may have experienced more sediment deposition than is observed in core
VC-11. Core V C-11 was eollected from a point that has an elevation -341 m (Table 1).
This site was subaerially exposed at two times in the lake’s early history following the
initial filling o f the reservoir in 1935. The first period the lake level dropped below 341
m was 1954-1957 and the second was 1964-1965 (Fig. 3). Erosion o f previously
deposited sediment may have taken place at this location during these two times o f low
lake level. There is no apparent evidence o f subaerial exposure within the post
impoundment sediment observed in core VC-11.
The elevation o f site VC-13 at the time the eore was collected was -3 3 4 m (Table 1).
Site VC-13 was also subaerially exposed at least two times in the mid- to late 1950’s and
1960’s although for shorter durations than site VC-11. Because core VC-13 was
collected -0.5 km outboard o f core VC-11 and at a lower elevation, this region may have
had a better potential to preserve a more complete record o f post-impoundment sediment
accumulation than the area from which V C -11 was collected. Additionally, because site
V C -13 is not confined to the axial valley o f Gypsum Wash like site VC-11, it may
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receive additional sediment contribution sourced from lateral tributaries to the north that
can not supply sediment up dip to site VC-11 (Figs. 2 ,8 ,4 1 b and 44b).
There is evidence o f erosion, interpreted to represent a period o f subaerial exposure,
in core VC-13 at a depth o f 54 cm from the top o f the core near the base o f the interpreted
post-impoundment sediment (Fig. 19). An - 8 cm long rootlet aligned perpendicular to
the bedding planes was described at this location in core VC-13 (Appendix 1). The
rootlet’s lower extent is described to occur within a fine sand at 62 cm from the top o f the
core, it cross cuts several silty clay horizons and terminates just below a normally graded
medium sand to silty elay interval at 54 em from the top of the core (Fig. 19).
The normally graded medium sand to silty clay interval in core VC-13 that truncates
the rootlet at 54 cm from the top o f the core is interpreted to represent a period o f low
lake level in 1965 and shore line transgression to the 1968 Gypsum Wash Delta described
by Twichell et al. (2001). The most likely time o f deposition for this graded sand deposit
is 1965 during the 1963-1965 rapid drawdown in lake level and subsequent shoreline
transgression to the northwest beyond site VC-13 in 1965 (Fig. 3). Lake level remained
relatively constant from 1966-1968 at -345 m, the approximate elevation Twichell et al.
(2001) attribute to the formation o f the 1968 Gypsum Wash Delta and the time this study
attributes to the deposition o f the sediment above the normally graded medium sand
interval at 54 cm in VC-13. The plant that rooted into the sand and elay deposits beneath
4

the inferred 1965 deposit in eore VC-13 probably developed between 1955 and 1957
when the lake level was low enough to permit prolonged subaerial exposure and
habitation by terrestrial plants (Fig. 3).
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The abundance o f post-impoundment sand size material observed throughout the
length o f core VC-12 relative to cores V C-11 and VC-13 suggests that it was collected
from a location proximal to a coarse-grained sediment source. The northern portions of
seismic lines L50 and L 51 may resolve this potential proximal source o f sediment to site
VC-12 (Figs 41b and 44b). In seismic line L50, post-impoundment sediment north o f site
VC-12 onlaps onto pre-impoundment topographically elevated features suggesting a
northern sediment supply (Fig. 41b). In seismic line L51, the post-impoundment
sediment appears to be thickest in the northeastern portion of the line where it onlaps the
canyon wall to the north and thins to the south (Fig. 44b). This too may suggest a
proximal northern sediment source to supply eoarse-grained sediment to site VC-12.
The multiple, relatively thiek, sand deposits observed in core VC-12 (up to 45 cm in
thickness), may have been sourced from the canyon walls as landslide deposits as
documented in Temple Basin o f Lake Mead by Twichell et al. (in press), or they may
represent storm deposits sourced from ephemeral desert washes to the north o f site VC12 (Fig. 2). W hatever their origin, these thick sand deposits are like no others sampled in
the cores collected for this study in Las Vegas Bay and as such are poorly understood.

Las Vegas Wash and Gypsum Wash
Confluence VC-1 and VC-4
Core. Sidescan Sonar and Seismic Validation
Cores VC-1, VC-2, VC-3, and VC-4 were colleeted ~2 km beyond the 1997 Las
Vegas Wash Delta front (Twichell et al., 2001) in a region o f low backscatter sidescan
sonar signal (Fig. 6). The upper portions o f VC-1, VC-2, VC-3, and VC-4 all contain
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clay beds (Figs. 20, 22 and Appendix 1). These clay rich intervals observed at the tops of
the four cores correlate very well with the low backscatter sidescan sonar signal observed
at the same locations (Fig. 6).
Seismic line L90 transects the region where these four cores were collected in Las
Vegas Bay (Fig. 6). The cores were collected in an area that is characterized by a convex
topographic expression at the lake floor surface with significant seismic penetration (Fig.
42a). The convex feature is -30 0 m long. It is thickest to the west where it abuts a flat
laying seismically opaque high amplitude reflector and thins to the east (Fig. 42a).
Internally this convex feature contains several moderate amplitude reflectors. The
reflectors in the western extent o f the convex feature appear to be flat lying and onlap the
parallel flat lying reflectors to the west o f the feature (Fig. 42a). It is not apparent if the
internal reflectors downlap to the east where the convex topographic feature terminates
by thinning (Fig. 42a).
W est o f sites VC-1 through VC-4 and the convex topographic feature discussed
above, the lake floor rises -4.5 m (6 ms) to an elevation -338 m in seismic line L90 (Fig.
42a). The eastern break in slope along this terrace observed in seismic line L90,
correlates with a -1 6 0 m long by - 8 m wide northeast trending ultrahigh backscatter
sidescan sonar feature (Fig. 6). The nature o f the lake floor along the -5 5 0 m long
terrace west o f sites VC-1 through VC-4 is relatively flat in seismic line L90, it down
laps onto a flat lying high amplitude reflector at its eastern extent, and abuts an elevated
-1 m and - 4 m (-1 ms and -5 ms) two tiered terrace to the west (Fig. 42a). The eastern
-275 m o f this region is seismieally transparent with chaotic internal reflectors and a
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weak first multiple (Fig. 42a). The western -275 m o f this region is seismically opaque
with a high amplitude reflector and a discontinuous bright first multiple (Fig. 42a).
The two tiered terrace in the westernmost portion o f seismic line L90 correlates with
a -2 0 m wide by - 1 km long sinuous ultrahigh backscatter sidescan sonar feature that
has been interpreted to represent a subaqueous roadway (Fig. 6). The terrace features are
mostly seismically opaque with high amplitude reflectors and bright first multiples that
accentuate their topographic expressions (Fig. 42a). The elevation o f the lake floor along
the westernmost terrace in seismic line L90 is -345-343 m and it appears to dip to the
east (Fig. 42a).
Sediment Thickness
The tops o f the gravel beds observed at the base o f cores VC-1 through VC-4 are
interpreted to represent the Las Vegas Creek pre-impoundment depositional surface
(Covey and Beck, 2001; Prentki, 1981). The post-impoundment sediment thickness
calculated from seismic data at these locations is -2 .2 m (Twichell et al., 2001), this
calculation overestimates the measured thickness at these locations by -40-60 cm (Fig.
8).
Chronological Interpretations
The length o f core VC-1 and a 36 cm portion o f core VC-4 were analyzed for '^^Cs
concentrations within the sampled sediment to determine the age o f several horizons
within these cores. The two elevated '^’Cs concentrations measured near the base o f core
VC-1 at 157 cm and 147 cm from the top o f the core are interpreted to represent the years
1959 and 1963 respectively, based on the temporal atmospheric fallout history o f the
isotope (Figs. 9 and 20).
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All sediment samples below 157 cm from the top o f core VC-1 that were analyzed
contained detectable levels o f '^^Cs. Therefore, a 1954 first occurrence date could not be
assigned to this core. The sediment in the interpreted pre-impoundment gravel at the
based o f core VC-1 could not be analyzed for ^^^Cs because the material was too coarse
for the analysis (M. Rudin, personal communication). To verify that the gravel material
at the base o f cores VC-1 through VC-4 represents a pre-impoundment depositional
surface, (before the first occurrence o f ^^^Cs in 1954) this material was analyzed for *^^Cs
content in core VC-4. Some sand and clay size material within the interpreted pre
impoundment section o f core VC-4 was suitable for '^^Cs analysis. The deepest
detectable occurrence o f *^’Cs in core VC-4 is at 168 cm from the top o f the core within
the upper 8 cm o f the interpreted pre-impoundment surface. There was no detectable
'^^Cs measured below 168 cm fi-om the top o f core VC-4 (Fig. 22).
Two potential explanations for the lack o f ^^’Cs deficient post-impoundment sediment
above the pre-impoundment depositional surface (1935-1938) and the presence o f ^^^Cs
within this interpreted pre-impoundment material seem plausible. The first explication is
that cores VC-1 through VC-4 were collected from an area that had an elevation -328 m
prior to the filling o f Lake Mead. When the elevation o f these sites are plotted with the
mean monthly lake elevation data it is apparent that these sites were in shallow water and
may have been subaerially exposed for a shore duration at least one time following the
filling o f the reservoir during the spring o f 1956 (Fig. 3). This subaerial exposure, or
very shallow water depth o f -1 -2 m, may have resulted in the removal o f post
impoundment sediment lacking ^^^Cs at these locations, i.e., younger than 1954. This
interpretation can explain the lack o f sediment deficient in '^^Cs at the base o f cores VC-
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1 and VC-4 by erosion. A second explanation is that the lack o f sediment deficient in
^^’Cs at the base o f cores VC-1 and VC-4 may be the result o f sediment bypass or no
deposition to these locations until a time subsequent to 1954, but before 1959 in core VC1 and 1963 in core VC-4 when '^^Cs-charged sediment indeed reached these locations
(Figs. 20 and 22).
The presence o f ’^^Cs in the interpreted pre-impoundment sediment o f core VC-4 is
probably the result of fine-grained ’^’Cs-charged sediment eluviating ~8 cm into the
substrate. *^’Cs is commonly reported at depths o f 10-15 cm fi'om the surface in
contemporary soils that have experienced no tilling, erosion, or deposition (Walling and
Qingping, 1992; Owens et al., 1996). Two previous studies also observed the presence o f
'^^Cs in the gravelly pre-impoundment sediment at the base of multiple shallow water
cores collected in Las Vegas Bay (Covey and Beck, 2001; Prentki et al., 1981).
Two irregular to tubular shaped outsized masses 3-5 cm in length orientated
perpendicular to the overlaying bedding planes were removed from core VC-4 at 165 cm
and 166 cm from the top o f the core during the sampling o f this core for '^^Cs analysis
(Fig. 23). The origin o f these masses is not known. They may be casts o f dwelling
burrows (domichnia) formed from macrobenthic organisms persisting in the substrate o f
Las Vegas Bay (Melancon, 1977), or alternately they may represent microbial activity
within the substrate that resulted in the precipitation o f minerals to form concretionary
masses sometime after sediment deposition (S. Hasiotis, personal communication). If the
macrobenthic dwelling burrow interpretation is correct, this too could facilitate a
migration mechanism and explain the presence o f ’^^Cs-charged sediment within the
interpreted pre-impoundment sediment in core VC-4 (Fig. 22).
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The upper several centimeters o f the interpreted pre-impoundment gravel in core VC4 is slightly graded, fining up into the overlaying very fine to fine sand beds (Fig. 22).
The normal grading o f gravel into sand at the base o f this core, and many o f the other
cores collected in Las Vegas Bay, can be interpreted as a transgressive ravinement
surface (Posamentier and Vail, 1988). A ravinement surface is developed during
shoreline transgression as shoreline processes erode and rework the substrate typically
producing a lag deposit that is overlain by a condensed section (Posamentier and Vail,
1988). Wave influences along the southwestern shoreline in Boulder Basin have been
interpreted to cause the reworking o f sand sized material in the pre-impoundment alluvial
surface to form a continuous sand sheet down to the depth o f lowest drawdown in lake
elevation (Twichell et al., 1999). A similar mechanism may have affected the
unconsolidated material surrounding the Las Vegas Bay basin as suggested by the
disturbance o f the pre-impoundment gravel at the base o f core VC-4, (normal graded with
the presence o f *^’Cs-charged sediment).
The concentration o f '^’Cs tends to decrease to small and non-detectable levels above
the interpreted 1963 horizon in core VC-1 (Fig. 20). This trend corresponds very well
with the post-1963 '^^Cs temporal atmospheric fallout record (Fig. 9). The ~68 cm o f
clay observed in core VC-1 above the 1963 horizon are interpreted to have been
deposited following the last big drawdown in lake level (1964 drawdown) during the
slow filling o f Lake Mead to capacity (1965-1983 transgression) and the early portion of
the subsequent stillstand (1983-1988 stillstand) (Fig. 3).
However, between -78-62 cm, -44-34 cm, -24-12 cm, and -6 -0 cm from the top o f
core VC-1 there are at least four repeated cycles o f increasing concentrations o f ’^’Cs

67

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

separated by little to no detectable '^^Cs (Fig. 20). There is also a marked change in the
overall lithology present in these upper sections o f the core relative to the lower half
below 78 cm from the top o f the core. The upper half o f core VC-1 is much coarser (22%
sand) than the lower half (3.5% sand), based on LPSA results, and contains many
intervals that have an abundance o f fibrous plant material (Fig. 20). The increased levels
o f '^^Cs measured at the top o f core VC-1 are interpreted to represent post-1963 erosion
and reworking o f material in one or more tributaries to Las Vegas Bay west o f site VC-1.
Reworked *^’Cs-charged sediment can not be directly dated using the '^’Cs technique.
However, it is known from the lake history data (Fig. 3) (LWVCC, 2003; USGS News
Release, 1999; USGS Fact Sheet, 2000a, 2000b) and personal communications (A.
Ehrenberg, personal communication; P. Glancy, personal communication) that large scale
erosion took place in the lower Las Vegas Wash from the late 1970’s through the late
1990’s. This erosion resulted in voluminous sediment influxes to Las Vegas Bay and the
development o f a large delta in Las Vegas Wash during this time (Fig. 11) (A. Ehrenberg,
personal communication; P. Glancy, personal communication; Twichell et al., 2001).
The first cycle o f post-1963 *^’Cs-charged sediment observed between -78-62 cm from
the top o f core VC-1 may represent a distal expression o f the progradation o f the Las
Vegas Wash Delta that formed during the 1983-1988 stillstand and voluminous erosion
discussed above. The delta that formed in Las Vegas Wash during the 1983-1988
stillstand in lake level is informally referred to in this study as the 1988 Las Vegas Wash
Delta.
The age o f the reworked *^^Cs-charged sediment deposits in the upper portion o f VC1 can not be constrained, they are beyond the resolution o f the data collected for this
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study. However, it is likely that they were deposited after the development o f the 1988
Las Vegas Wash Delta. Prior to the development and progradation o f this delta there was
a prolonged shoreline transgression more than 4 km to the west o f site VC-1 (Fig. 11).
The transgression most likely would have held sediment proximal to the retrogradational
or back stepping Las Vegas W ash Delta that was active at that time (Posamentier and
Vail, 1988; see Bathymetry Interpretation). In the early 1990’s lake level dropped more
than 10 m from the 1988 elevation. The effect o f this change in lake elevation was to
move the shoreline position to the east (closer to site VC-1) and to lower base level below
the elevation o f 1988 Las Vegas Wash Delta. Fluvial discharge at this time was too great
to maintain the newly exposed topographic profile; accommodation had been removed by
the drawdown in the reservoir. The Las Vegas Wash had increased to flows that were
beyond the threshold o f the stream gradient in the lower Las Vegas Wash as early as the
late 1970’s (LVWCC, 2003). Massive erosion in the form o f down-cutting and lateral
undercutting o f the stream walls (LVWCC, 2003) took place in the soft unconsolidated
'^^Cs-charged sediment in the 1988 Las Vegas Wash Delta. This may have resulted in a
large flux o f coarse '^^Cs-charged sediment into Las Vegas Bay via a younger delta much
closer to site VC-1.
Many o f the sand beds in the upper -7 8 cm o f core VC-1 contain significant amounts
of fibrous plant material and several 1-3 cm long bulbous masses (Figs. 20 and 21). The
sand beds appear to be massive, displaying no internal structure and minimal grading
(Fig. 20). The contacts between the sand beds tend to be sharp with few to no
intervening silt or clay beds between the sand units (Fig. 20).
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The sand beds in the upper ~78 cm o f core VC-1 are interpreted to have been
deposited during episodic storm related flooding events in Las Vegas Wash and other
smaller tributaries supplying sediment to site VC-1. The sharp nature o f the contacts
between the sand beds with little to no grading between them suggests that each bed was
deposited under a high flow regime (Lowe, 1982). The amalgamated nature o f these
deposits suggest that they individually do not represent complete turbidite sequences
(Lowe, 1982). The concentration o f abundant fibrous plant material in many o f the beds
suggests that this material was sourced in a region with much vegetative growth, i.e. Las
Vegas Wash.
The episodic temporal nature for these deposits may be supported by the presence o f
interpreted domichnia (dwelling burrows) within several o f the sand beds in core VC-1
(Pemberton et al., 1992). Several o f the sand beds with abundant amounts o f fibrous
plant material in the upper half o f core VC-1 contained 1-3 cm long bulbous masses o f an
unknown composition (Fig. 21). These masses are hard, lithified and tended to be
located along the upper contacts o f the individual sand beds, although this is not
exclusively the case (Fig. 20). Macrobenthic organisms have been documented to live in
the shallow substrate o f Las Vegas Bay (Melancon, 1977). If these masses are
domichnia, then their presence suggests the development o f surfaces with relatively little
continuous sedimentation (Pemberton et al., 1992). This in turn suggests the existence o f
multiple hiatuses throughout the upper portion o f core VC-1 between many o f the sand
beds and thus records event deposition (Einsele et al., 1991). Alternately, these masses
described in core VC-1 they may represent concretionary masses that formed within the
substrate sometime after these sand deposits were emplaced (S. Hasiotis, personal
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communication). A concretionary interpretation for these outsized masses does not
preclude episodic deposition with intervening hiatuses at site VC-1.
Phvsiogranhic Controls on Deposition
Las Vegas Wash may not be the only source o f sediment to sites VC-1 through VC-4.
Northwest and up slope from site VC-1 and VC-4 seismic line L51 shows a thick wedge
o f post-impoundment sediment perched on a topographically elevated region to the
southwest o f sites VC-1 through VC-4 (Figs. 6 and 44). The post-impoundment sediment
appears to have a southemwestem source; it is thickest in the southwest where it onlaps
the high amplitude pre-impoundment reflector and thins to the northeast where it drapes
over the pre-impoundment reflector and appears to spill down into the main channel axis
(Fig. 44). This suggests that southern lateral tributaries to the main channel axis in Las
Vegas Bay may also supply sediment to sites VC-1 through VC-4 in addition to the large
Las Vegas Wash source.
Seismic line L90 shows two topographically elevated high amplitude reflector
surfaces with moderate to no seismic penetration northwest o f these site locations (Fig.
42a). Twichell et al. (2001) interpreted the westernmost terrace as 1968 deltaic deposits
based on the observed elevation and sidescan sonar characteristics. The easternmost
terrace in seismic line L90 northwest o f site locations VC-1 through VC-4 may represent
a short lived delta 1954-1957 based on its elevation o f -337 m, morphology and
sedimentlogical composition evident in the first multiple o f the seismic line (Fig. 42b).
The western portion o f the terrace has a similar seismic signature to the delta top o f the
1997 Las Vegas Wash Delta (Twichell et al., 2001) in seismic line L02; sub-horizontal
high amplitude reflectors with little seismic penetration and irregular portions attenuating

71

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

the seismic signal in the first multiple (Fig. 7b). The eastern portion o f the same terrace
does have minor seismic penetration and weak internal reflectors suggesting the presence
o f a contrasting sedimentology, i.e. mud (Twichell et al., in press; and this study Figs. 38
and 42b).
To the east of the lower terrace in seismic line L90 is a sub-horizontal high amplitude
reflector at an elevation o f -3 3 0 m and a convex mound o f post-impoundment sediment
with many internal reflectors that are subhorizonal to inclined and onlapping or
downlapping each other and the surrounding topography (Fig. 42a). The high amplitude
reflector is seismically opaque with a bright first multiple, while the convex mound to the
east is seismically transparent and attenuating with a relatively weak first multiple (Fig.
42a). It is characterized by an -2 .8 ms thick accumulation of post-impoundment
sediment at its center. The post-impoundment sediment accumulation has several
moderate to low amplitude internal reflectors that downlap the underlying high amplitude
pre-impoundment reflector to the east (Fig. 42b). In the western portion o f this convex
mounded feature, younger post-impoundment sediment appears to onlap older post
impoundment sediment to the east.
Cores VC-1 through VC-4 penetrated this feature and demonstrate that its thickness is
heterogeneous in lithology, composed o f sand, silt and clay (Figs. 20 and 22). The well
developed internal seismic reflectors within the post-impoundment sediment o f this
feature may be attributed to the variable lithology observed in cores VC-1 and VC-4
(Twichell et al., in press). Based on the external convex morphological expression, the
downlapping and onlapping relationships o f the internal seismic reflectors to each other
and the pre-impoundment surface, and lithologie content o f this feature, it is interpreted
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to represent a sand and mud fan complex that has developed within the confines o f the
pre-impoundment Las Vegas Creek channel.
Based on its elevation, the fan has been subaqueous since at least the 1964 drawdown
(Fig. 3). Erosion is interpreted to have occurred at sites VC-1 and VC-4 based on the
core and lake history data. The onlapping relationship o f the western younger post
impoundment sediment to the eastern portion o f the interpreted sand and mud fan may be
interpreted to represent an erosional event followed by a period o f subsequent deposition,
thus filling in the resultant topographic depression. Alternatively, the eastern portion o f
the fan complex may represent a mounded basin floor deposit that was deposited at a
particular time in the basin’s history, perhaps during the 1964 drawdown or shortly
thereafter. The western portion o f the complex may represent a healing phase that filled
in the topographic depression proximal to the sediment source.

Las Vegas Bay Upper Main Channel
Axis VC-9 and VC-14
Core. Sidescan Sonar and Seismic Validation
Cores VC-9 and VC-14 were collected beyond the deltaic regions o f the 1997 Las
Vegas Wash and Gypsum Wash Deltas (Twichell et al., 2001). The top o f VC-9 has a 3
cm thick silty clay bed that correlates well with the moderate backscatter sidescan sonar
signal observed at the same location (Figs. 25 and 26). The upper portion o f core VC-14
has clay with only very minor amounts o f silt (Fig. 27). The clay rich interval observed
at the top o f core VC-14 correlate fairly well with the moderate to low backscatter
sidescan sonar signal observed at the same location (Fig. 25).
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Sediment Thickness
Gravel beds observed at the base o f cores VC-9 and VC-14 are interpreted to
represent Las Vegas Creek pre-impoundment deposits (Covey and Beck, 2001; Prentki,
1981). The post-impoundment sediment thickness calculated from seismic data at these
locations is respectively -2 .0 m and -0 .9 m (Twichell et al., 2001). These calculations
over estimate the measured core thickness at these locations by - 6 cm at site VC-9 and
-1 cm at site VC-14 (Fig. 8).
Chronological Interpretation
The entire length o f core VC-9 was analyzed for ^^^Cs concentrations to determine
the age o f several horizons within the core. No detectable '^’Cs concentrations were
observed in core VC-9 below 126 cm from the top o f core (Fig. 26). The year 1954 was
assigned to the sediment at 126 cm from the top o f the core as this is the first measured
occurrence o f the isotope from the base o f the core. Because no '^^Cs was detected
below 126 cm from the top of the core in sediment interpreted as being post
impoundment, the interpretation o f the gravel being pre-impoundment sediment at the
base o f the core VC-9 is plausible. The two elevated '^^Cs concentrations measured near
the base o f core VC-9 at 111 cm and 89 cm from the top o f the core are interpreted to
represent the years 1959 and 1963 respectively based on the temporal atmospheric fallout
history o f '^^Cs (Figs. 9 and 26).
The 1954 first occurrence o f '^’Cs is located in a sandy interval at the base o f core
VC-9 (Fig. 26). The deposition o f this interval appears to correlate with the 1954
drawdown in lake level (Fig. 3). The 1959 peak occurrence o f '^^Cs is located in a elay
rich interval -1 0 cm above the 1954 sand in core VC-9 (Fig. 26). This roughly correlates
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with a time when the reservoir was filled to a high elevation equivalent to that prior to the
1954 drawdown (Fig. 3). The 1963 peak occurrence o f ’^^Cs in core VC-9 is located in a
clay interval just above an -3 cm thick sandy-silt bed. These deposits predate the 1964
drawdown in lake level based on the *^^Cs data interpretation.
The sandy-silt bed at -90-93 cm from the top o f core VC-9 may have been deposited
after 1963, possibly during the 1964 drawdown, but this interpretation would require a
complication in the '^’Cs data interpretation as follows. The 1963 horizon is in a thin
clay interval just below the sandy silt bed at -9 3 cm. The overlaying sandy silt bed has
low *^^Cs levels because it is deficient in the fine-grained fraction onto which '^’Cs tends
to sorb (Walling and Qingping, 1992; Owens et al., 1996). The majority o f the sample
92-94 cm from the top o f core VC-9 was composed o f *^^Cs deficient sandy silt, and
would have thus lowered the relative abundance o f ^^^Cs within the measured sample
preventing the recognition o f the 1963 peak occurrence in the thin underlying clay
interval. The 88-90 cm sediment sample in VC-9 apparently has elevated ^^^Cs
concentrations because it represents a condensed section deposited during the 1965-1983
transgression (Fig. 26) and thus favored the concentration of fine-grained '^’Cs-charged
sediment (Loutit et al., 1988). If this complicated interpretation is correct, it suggests that
the sediment sampling for '^^Cs analysis was too coarse and that thinner sediment slices
in core VC-9 should have been used in order to better resolve the 1963 horizon.
The observed trend o f decreasing concentrations o f *^’Cs in the sediment above the
interpreted 1963 horizon in core VC-9 corresponds very well with the post-1963 *^^Cs
temporal atmospheric fallout record (Figs. 9 and 26). The -2 0 cm thick interval o f clay
above the 1963 horizon in core VC-9 is interpreted as having been deposited during the
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subsequent filling o f the reservoir to capacity during 1965-1983 transgression (Figs. 3
and 26). There is a minor increase in the concentration o f '^^Cs in a clay interval between
64 cm and 68 cm from the top o f core VC-9 that may correspond to the development and
subsequent progradation o f the Las Vegas Wash Delta during the 1983-1988 stillstand in
lake level (Fig. 3).
The upper 52 cm o f core VC-9 are characterized by a marked increase in overall grain
size and a decrease in the volume o f '^^Cs-charged sediment relative to the lower 72 cm
o f post-impoundment sediment. There are two intervals that have elevated '^’Cs
concentrations above the 1963 horizon and may represent the reworking o f *^’Cs-charged
sediment in the tributaries to Las Vegas Bay; one at 26-30 cm firom the top o f the core
and the second in the upper 3-4 cm o f the core (Fig. 26). The levels o f *^’Cs activity in
the sediment sample taken at 26-28 cm from the top o f the core appears to be
anomalously elevated and may represent analytical error (M. Rudin, personal
communication). If the elevated levels o f '^’Cs are accurate in the sample collected at
26-28 cm fi'om the top o f core VC-9, then they represent the occurrence o f a significant
storm event, i.e., 1998 (USGS, 2000a), and drainage by tributary-supplying highly
enriched ^^^Cs-charged sediment to this locale, presumably derived from interfluvial soil
surfaces (e.g., Rudin et al., 1997).
An interpretation for the deposition o f the thick accumulation o f sand and silt beds
with abundant plant material between 41 cm and 64 cm from the top o f the core barrel in
the upper portion o f core VC-9 is that they were derived from the Las Vegas Wash delta
and traveled more that 4 km to site VC-9. Alternatively, these deposits may have been
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derived proximal to site VC-9 in a lateral tributary to Las Vegas Bay, or within the
confines o f an over-steep Las Vegas Bay axial valley.
If these deposits were derived from the Las Vegas Wash they would have passed sites
VC-1 through VC-4. However, no intervals in core VC-1 appear to be correlative with
these deposits in VC-9. The sand and silt beds between 41 cm and 64 cm from the top of
the core barrel in VC-9 are relatively clean, having relatively little clay content
(positively skewed), are well sorted (peaked histogram), and show no evidence o f grading
(uniform grain size) (Figs. 26, 28 and Appendix 2). No coarse intervals in core VC-1
exhibit such a thick accumulation o f clean, well sorted sand except perhaps an interval
between -6 0 cm and -4 6 cm from the top o f the core (Fig. 20). This interval in core VC1 is problematic in that it appears to be graded in its upper limits and is proximal to the
assumed source yet it is thinner than the corresponding interval which is -1 .5 km further
outboard in core VC-9 (Fig. 26). If this interpretation is correct then site VC-1 represents
a location o f sediment bypass at the time o f this depositional event at site VC-9.
Additionally, this would constitute a lithological correlation which tends to yield
misleading chronological interpretations (Vail et al., 1977a).
Phvsiogranhic Controls on Deposition
Seismic line L49fl is a strike profile along the main channel axis in Las Vegas Bay
-5 0 m west o f site VC-9 (Fig. 25). Core VC-9 was collected in the central portion o f
seismic line L49fl (Fig. 45 a). There is poor seismic penetration in this region. The main
channel axis is -300 m wide and is characterized by an irregular high amplitude reflector
than dips to the north and is overlain by poorly resolved moderate and low amplitude
reflectors (Fig. 45a). North o f site VC-9 is a -1 0 0 m wide valley characterized by a high
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amplitude reflector that is overlain by a southward dipping -3.8 ms thick moderate
amplitude seismic interval (Fig. 45a).
There is a resolvable accumulation o f post-impoundment sediment at site VC-9 in
seismic line L49fl (Fig. 45b). The post-impoundment sediment appears to onlap the pre
impoundment surface on the northern side o f the main channel axis where it is thick, and
thins to the south where it onlaps and pinches out against the inclined northward dipping
channel margin (Fig. 45b). This onlaping relationship suggests that post-impoundment
material is derived from the south (Fig. 45b). The northern portion o f seismic line L49fl
also illustrates the existence o f additional lateral sources o f sediment into the main
channel axis o f Las Vegas Bay via a lateral tributary (Fig. 45b). Seismic line L49fl
transects a -1 0 0 m wide tributary to the north o f site VC-9. Post-impoundment sediment
may be resolved in their center o f this valley (Fig. 45b). The lateral tributary feeds into
the main channel axis o f Las Vegas Bay and as such may contribute additional post
impoundment sediment to the basin (Fig. 8 ).
Seismic line L48fl was collected -1 0 0 m west o f site VC-14 and -2 5 0 m northwest
of the Government Wash confluence with the main channel axis in Las Vegas Bay (Fig.
25). The western portion o f seismic line L48fl is characterized by an irregular high
amplitude reflector that dips to the north - 3 “ and is overlain by onlapping and down
lapping moderate to low amplitude seismic reflectors (Fig. 46a). The easternmost portion
o f the moderate to low amplitude down lapping northward dipping reflectors appear to
form a convex topographic expression in seismic line L48fl (Fig. 46a). The central
portion o f seismic line L48fl where core VC-14 was collected is characterized by an
irregular high amplitude reflector that is overlain by a thin moderate to low amplitude
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seismic package that displays concave topographic expression; thin at the center and
thickening along the main channel margins to the north and south (Fig. 46a).
Core VC-14 was collected along the northern margin o f the main channel axis o f Las
Vegas Bay ~75 m west o f the Government Wash confluence (Fig. 25). Seismic line
L48fl illustrates that core VC-14 was collected proximal to the northern steep canyon
wall of the main channel axis in Las Vegas Bay (Fig. 46b). The interpreted post
impoundment sediment onlaps the pre-impoundment northern canyon wall near site VC14 where the sediment thickens relative to the central portion o f the channel (Fig. 46b).
This observation may suggest a proximal sediment source to the north o f site VC-14 (Fig.
46b). Additionally, there is a small lateral tributary with an accumulation o f post
impoundment sediment to the north o f site VC-14 that feeds into the Government Wash
channel axis o f Las Vegas Bay (Figs. 25 and 46b).
The southern portion o f seismic line L48fl illustrates that significantly large volumes
o f laterally-sourced material does accumulate along the axial valley margins in Las Vegas
Bay and can “spill” into the main channel axis (Fig. 46b). Based on the internal
reflector’s relationships to each other and their amplitude characteristics, the convex
mound o f moderate to low amplitude downlapping seismic reflectors in the southern
portion o f seismic line L48fl is interpreted to represent a mud fan that was sourced from
a lateral southern tributary (Fig. 46b).
This interpreted fan has a similar morphology to the fan observed in seismic line L90
(Fig. 42b). At the distal extent o f the fan is a thick accumulation o f seismically
transparent fine-grained sediment with internal reflectors that downlap the pre
impoundment surface and have a convex topographic expression (Fig. 46b). These are
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presumably the oldest deposits as the more proximal up dip portion o f the fan is
composed o f sediment that onlaps and cover the distal convex mound (Fib. 46b).
Seismic line L77fl is a strike profile o f the main channel axis in Las Vegas Bay -5 0 0
m southeast of site VC-14 (Fig. 25). The channel is -2 0 0 m wide in seismic line L77fl
(Fig. 47a). It is characterized by an irregular high amplitude reflector along the northern
and southern margins o f the profile that steeply dips into the main channel axis at the
center (Fig. 47a). The main channel axis is characterized by two discontinous high to
low amplitude reflectors. The shallower reflector covers over the deeper reflector and
appears to onlap the steeply dipping main channel canyon walls to the north and south

(Fig. 47a).
Core Correlations
Core VC-14 has a thick accumulation o f clay with few silt and sand interbeds in the
upper half of the core while the base is composed mostly o f stacked coarse sand and
gravel beds (Fig. 27). The stacked sand and gravel beds at the base o f core VC-14 are
interpreted to be pre-impoundment Las Vegas Creek fluvial deposits (Covey and Beck,
2001; Prentki, 1981). A coarsening upwards sequence o f silty clay overlain by silt and
very fine sand -133-141 cm from the top o f the core barrel may have been deposited
during a brief stillstand in lake level during the initial filling o f the reservoir from
November 1936 to Feburary 1937 when the elevation was -3 1 1 m (Fig. 3).
Additional chronological interpretations can be made for core VC-14 based on the
chronostratigraphic trends observed in core VC-9 collected -400 m west o f site VC-14.
However, these interpretations are highly suspect to error as they are based solely on the
lithological trends observed in core VC-14 and their similarities to the lithology o f core
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VC-9. The normal graded, very fine sand and silt beds 106-117 cm from the top o f core
VC-14 may be time correlative with the sandy silt bed at 90-92 cm from the top o f core
barrel VC-9 (Figs. 26 and 27). Alternatively, the same interval in core VC-14 may be
correlative with the -1 4 cm thick sand and silt beds in core VC-9 -41 cm from the top of
the core barrel. The latter interpretation requires a disproportionately thicker
accumulation o f sediment to occur at site VC-14 after the event depositing the beds in
question, (-28 cm o f sediment in core VC-9 and -103 cm of sediment in core VC-14).
The first interpretation is the more likely o f the two although it does suggest that a thicker
accumulation o f coarser sediment has occurred at site VC-14 -4 0 0 m downdip from site
VC-9. This can be explained if the sediment source is positioned lateral to the main
channel axis, or alternatively if site VC-14 was nearer to the thalweg o f channel than site
VC-9 at the time o f deposition o f the deposits in question.
The upper 103 cm o f core VC-14, which are composed mainly o f clay beds are
difficult to interpret with no data except the visual core description. There are a few silt
beds near the top o f core VC-14 that may correlate with the sand and silt beds observed
in the upper portion o f core VC-9. These lithologie correlations are inconclusive.

Las Vegas Bay Mid-Main Channel
Axis V C -15
Core. Sidescan Sonar and Seismic Validation
Core VC-15 was collected - 2 km beyond the confluence o f the pre-impoundment
Government Wash with Las Vegas Creek beyond the prodelta region o f the 1997
Government Wash Delta (Twichell et al., 2001). The top o f VC-15 is composed o f clay
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beds. The clay at the top o f core V C -15 does not correlate well with the high to moderate
backscatter sidescan sonar signal obseix^ed at the same location (Fig. 25).
Seismic line L43fl is -375 m southeast o f site VC-15 (Fig. 25). It is a strike profile
of the main channel axis in Las Vegas Bay. Irregular and steeply dipping high amplitude
reflectors that can be traced into the central portion o f the line where a single near
horizontal high amplitude reflector crosses the main channel axis characterize the
northern and southern thirds o f the profile (Fig. 48a). A very subtle high to low
amplitude shallow reflector can be observed just above the high amplitude reflector in the
central portion o f seismic line L43fl (Fig. 48a). The shallow reflector mimics the
underlying topography o f the high amplitude reflector, slightly dipping to the north in the
south and flat lying in the north, and appears to onlap the northern canyon wall (Fig.
48a).
There appears to be a subtle correlation between the sidescan sonar data and seismic
line L43fl. A southeast trending high backscatter region is visible across the southern
portion o f the channel where seismic line L43fl crosses the main channel axis in Las
Vegas Bay (Fig. 25). The character o f the shallow reflector in seismic line L43fl where
it transects the high backscatter region is high amplitude (Fig. 48a). Just north o f the high
backscatter region in the main channel axis is a narrow southeast trending region of
moderate to low backscatter return (Fig. 25). This appears to correlate with the lower
amplitude reflector at the northern portion o f the main channel axis in seismic line L43fl

(Fig. 48a).
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Sediment Thickness
The gravel beds at the base o f core V C -15 and the -2 4 cm thick interval o f graded
medium to fine sand with lenses o f coarse sand and gravel between 62 cm and
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cm

from the top o f the core barrel are interpreted to be the pre-impoundment fluvial deposits
of the inundated Las Vegas Creek (Covey and Beck, 2001; Prentki, 1981) (Fig. 29). The
post-impoundment sediment thickness calculated from seismic data at this location is
-0 .9 m (Twichell et al., 2001). This calculation overestimates the measured thickness at
this location by -3 0 cm (Fig. 8 ).
Phvsiogranhic Controls on Deposition
Site VC-15 is - 2 km southeast o f the Government Wash confluence with the main
channel axis in Las Vegas Bay (Fig. 25). There is poor seismic coverage in this portion
o f the main channel axis in Las Vegas Bay. Seismic lines L77fl and L43fl are strike
profiles o f this portion o f the basin respectively -

1 .6

km northwest and -8 0 m southeast

o f site VC-15 (Fig. 25). Seismic line L77fl shows that the main channel is -2 0 0 m
across in this portion o f the basin and that the thickest accumulation o f post
impoundment sediment is in the southern portion o f the channel where it onlaps the
channel wall (Fig. 47b). A similar relationship, although less pronounced, is observed on
the northern side o f the channel in seismic line L77fl (Fig. 47b). Seismic line L43fl
resolves a thin accumulation o f post-impoundment sediment across the entire width o f the
channel (Fig. 48b). The main channel is -1 0 0 m wider at this location relative to the area
traversed by seismic line L77fl (Fig. 47b and 48b). The post-impoundment sediment
appears to onlap the northern wall o f the channel where it is thickest (Fig. 48b). The
post-impoundment sediment appears to have a uniform thickness at its southern extent
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where it drapes the underlying pre-impoundment reflector and terminates against the
southern channel wall (Fig. 48b).
From these two profiles the post-impoimdment sediment appears to be sourced from
the northern and southern margins o f the channel. Recognizing that the main channel
axis dips to the southeast at an angle -1 .2 “ between seismic lines L77fl and L 43fl,
sediment is also being transported in this southeastern down dip direction (Fig. 25).
The sidescan sonar data may support the interpretation o f northern and southern
lateral sources for sediment to the main channel axis between seismic lines L77fl and
L43fl. Moderate backscatter sidescan sonar signals can be observed in the same areas
where the post-impoundment sediment onlaps the chaimel walls in seismic line L77fl
(Fig. 25). The sidescan sonar signal is higher along the channel margins where the post
impoundment sediment is thickest in seismic line L 77fl, and decreases in its return signal
strength away from the channel walls where the post-impoundment sediment appears to
thin in seismic line L77fl (Figs. 25 and 47b). This trend o f moderate backscatter
sidescan sonar signal producing material “feeding” into the main channel in Las Vegas
Bay can be observed along the margins o f the channel to the southeast beyond seismic
line L43fl (Fig. 25).
A -3 0 0 m long by -2 0 m wide southeast trending sinuous low backscatter feature can
be observed -7 0 0 m northeast o f site VC-15. This feature terminates at its northwestern
extent against an area characterized by moderate backscatter sidescan sonar facies
feeding into the main channel (Fig. 25b). The low backscatter feature may represent a
muddy channel that fine-grained hyperpycnal flows have traveled to the southeast down
the main channel axis in Las Vegas Bay. The moderate backscatter feature against which
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the meandering channel terminates at its northwestern limit is interpreted to represent a
younger deposit o f sand and mud that has subsequently covered the muddy channel (Fig.
25b). The younger sand and mud was fed into the main channel from a northern lateral
source (Fig. 25b). The interpreted channel terminates at its southeastern extent against a
moderate- to high backscatter sidescan sonar region in the main channel axis that may be
derived from the southeast or may be the southeastern countinuation o f coarse material
derived from the northwest (Fig. 25b).
The region between sites VC-14 and VC-15 has dramatic topographical variability
along the margins o f the main channel axis (Fig. 2). Because o f this extreme terrain, the
interpretation o f a muddy channel from the sidescan sonar data in this area is not
conclusive. The interpreted muddy channel may actually be a shadow produced from a
southwestern ridge -7 0 m southeast o f the feature (Fib. 25b). A second low backscatter
region -375 m northwest o f site VC-15 may also represent a ridge shadow in the sidescan
sonar data (Fib. 25b).
Core Correlations
The upper 54 cm of core VC-15 are composed o f clay with one 0.5 cm silty clay bed
-35 cm from the top o f the core barrel (Fig. 29). There is little visible variability within
this clay-rich portion of core VC-15 other than color variations (Appendix 1). LPSA was
performed on this portion o f the core and resolved much variability within the upper 54
cm o f core V C -15 (Figs. 29 and 30). There are two coarser intervals near the base o f the
clay section o f core VC-15 at -57-53 cm and -43-48 cm, one coarser interval at -36-30
cm, and a shallow interval o f coarser material -15-12 cm from the top o f the core barrel
(Figs. 29 and 30). These coarser intervals appear to be gradational in nature at their
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upper and lower limits except for the interval between ~36 cm and -3 0 cm from the top
of the core barrel. This interval is sharp in nature at its base (Fig. 29).
The four coarser intervals within the clay-sized fraction of core V C -15 appear to
display a similar pattern o f lithological variability as those changes observed through
LPSA in cores VC-1, VC-9, and V C -16 (Figs. 20, 26, 29, and 32). Lithological
correlations may be drawn between cores VC-15, VC-9 and VC-16 based on these
observations. Flowever, caution is advised in that these correlations have no
chronostratigraphic significance and as such shed little light onto the depositional history
o f the Las Vegas Bay Basin.
Lithologically the upper two coarse intervals in core VC-15 may correlate with the
sandy silt and silty elay beds at the top o f core VC-9 and the thick sand and sandy silt
beds near the middle o f core VC-9 (Figs. 26 and 29). The lower two coarse intervals in
core VC-15 may correlate with the pre-1963 sandy silt bed and the 1954 sand beds at the
base o f core VC-9 (Figs. 26 and 29).
If the above lithological correlations have some chronological significance, the cause
for the marked decrease in grain size observed down dip from core VC-9 in core VC-15
may be that it was recovered -2 .5 km outboard o f site VC-9. The morphology o f the
basin and the path the sediment laden hyperpycnal flows travel down the central axial
valley in Las Vegas Bay may have accentuated the fining of material observed at site
VC-15 relative to site VC-9. Core VC-15 was collected along an inside bend o f the main
channel in Las Vegas Bay where it turns slightly to the north (Fig. 25). Twichell et al. (in
press) have shown that hyperpycnal flows traveling from the Colorado River Delta
through Lake Mead tend to deposit their coarsest sediment along the outside bends in the
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submerged Colorado Canyon. In a similar manner the morphology o f the main channel
in Las Vegas Bay near site V C -15 may have sheltered this location from coarse sediment
throughout the history o f the basin.
Phvsiogranhic Controls on Deposition
Southeast o f site VC-15 the main channel widens from -275 m across at the location
o f seismic line L43fl to over 500 m across at seismic lines L74fl and L47fl (Fig. 31).
There is a -8 5 0 m long by -175 m wide region o f high backscatter material that extends
to the southeast o f site VC-15 (Fig. 31). This high backscatter region appears to cover a
meandering low backscatter channel that is at least 400 m in length and -2 0 m across
(Fig. 3 lb) with a -7 0 m amplitude and -1 0 0 m period located in the main channel o f Las
Vegas Bay -5 5 0 m southeast of seismic line L 43fl. The sinuous low backscatter feature
is interpreted to be a meandering muddy channel. As this channel feature is located in a
portion o f the basin where the margins o f the main channel axis are relatively wide and
little topographic relief is expressed (Fig. 2 ), the effects o f marginal influence on the
sidescan sonar data are diminished relative to the region between VC-14 and VC-15.
The high backscatter feature against which the meandering channel terminates at its
northwestern limit is interpreted to represent a younger deposit o f sandy mud that has
covered the northwestern portion o f the meander channel (Fig. 3 lb). The younger sandy
mud may have been deposited east o f the bend in the main channel south o f site V C -15 as
a result o f a decrease in the velocity o f the flow transporting this material to the southeast
(Fig. 31). In light o f their relationship to each other these two features may represent two
distinct depositional elements o f a single system characteristic o f deepwater basin floor
settings (Posamentier and Kolia, 2003). The high backscatter sand region may be the
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stxrfical expression o f a frontal splay while the muddy meander channel may represent the
down dip transition o f the same system as a result o f decreasing sand to mud ratios within
the turbid flows traveling down the main channel axis in Las Vegas Bay (Posamentier,
2003; Posamentier and Kolia, 2003). Alternatively, the high backscatter sand may have
been derived from a lateral region along the southern margin o f the main channel axis in
Las Vegas Bay (Fig. 31).
The muddy meander channel appears to continue to the north o f several -50-100 m
wide ultrahigh backscatter objects south o f the confluence of a major northern drainage
with the main channel in Las Vegas Bay where the meander channel is no longer visible
(Fig. 31b). The southeastward termination o f this feature in the sidescan sonar data may
represent the physical termination o f this feature, or it may be beyond the resolution o f
the sidescan sonar survey. The muddy meander channel is located in the lowest
topographic position in seismic line L74fl where it displays no apparent
topographic/morphological expression (Fig. 49b).
Seismic line L74fl illustrates that post-impoundment sediment is present across the
entire -500 m wide main channel at this location (Fig. 49b). The post-impoundment
sediment appears to cover the pre-impoundment topographic irregularities by filling in
topographic lows (Twichell et al., 1999, 2001). Post-impoundment sediment
accumulations are present in the narrow valleys o f lateral tributaries to the main channel
in the northern portion o f seismic line L74fl (Fig. 49b). This suggests that additional
sediment is being contributed to the main channel axis o f Las Vegas Bay at this location
from lateral tributaries.
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The sidescan sonar data support this interpretation. Specifically, a -5 0 0 m long by
-50-150 m wide southeast trending region o f high backscatter sidescan sonar signalproducing material can be seen “feeding” into the main channel in Las Vegas Bay to the
southeast o f the northern tributaries transected by seismic line L74fl (Fig. 31). This
feature is interpreted to represent a relatively recent sandy mud deposit that was derived
from lateral tributaries to the north o f the main channel axis in Las Vegas Bay. Where
the lateral tributary debouches in the main channel there appears to be a minor break in
slope - 1 “ based on the pre-impoundment topography (NRCS, 1935).

Las Vegas Bay Lower Main
Channel Axis VC-16
Core. Sidescan Sonar and Seismic Validation
Core VC-16 was collected near the terminus o f Las Vegas Bay before the main
channel axis debouches into Boulder Basin to the southeast. The top o f V C -16 is
composed o f silty clay and silt beds. Unfortunately, the sidescan sonar at this location is
inconclusive as the site is situated where two adjoining sonar transects were stitched
together and resulted in the development o f a northeast-southwest trending linear artifact
in the data. The silty clay and silt beds at the top o f core VC-16 may correlate with the
moderate to high sidescan sonar signals observed near the same location (Fig. 31).
Seismic line L28fl was collected several meters northwest o f site VC-16 (Fig. 31).
The main channel axis is -250 m across in this portion o f the basin (Fig. 50a). It is
characterized by a shallow high to low amplitude reflector that is seismically transparent
and drapes an underlying seismically opaque high amplitude reflector (Fig. 50a). The
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northern portion o f seismic line L28fl is characterized by a seismically opaque high and
low amplitude elevated (-75 m) steeply dipping canyon wall (Fig. 50a). The southern
portion o f seismic line L28fl is characterized by elevated topographic expressions with
intervening topographic lows. The intervening topographic lows between the elevated
regions in the southern portion o f seismic line L28fl are characterized by two
northeastward dipping moderate to low amplitude reflectors (Fig. 50a). The shallower
reflectors are distinguishable from the underlying reflectors in the southwest o f line
L28fl by thin seismically transparent regions (Fig. 50a).
Sediment Thickness
The gravel beds 93 cm from the top o f core VC-16 are interpreted to be the Las
Vegas Creek pre-impoundment surface (Covey and Beck, 2001; Prentki, 1981) (Fig. 32).
The post-impoundment sediment thickness calculated from seismic data at this location is
-0 .6 m (Twichell et al., 2001), this calculation underestimates the measured thickness at
these location by -3 0 cm (Figs.

8

and 32).

Chronological Interpretation
The length o f core V C -16 was analyzed for *^^Cs concentrations within the sampled
sediment to determine the age o f several horizons within the cores. No detectable '^^Cs
concentrations were observed in core VC-16 below 84 cm from the top o f core (Fig. 32).
The year 1954 has been assigned to the sediment at 84 cm from the top o f the core as this
is the first measured occurrence o f the isotope in the core. The two elevated *^’Cs
concentrations measured at 74 cm and 63 cm from the top o f the core are interpreted to
represent the years 1959 and 1963 respectively based on the temporal atmospheric fallout
history o f "^Cs in the northern hemisphere (Figs. 9 and 32).
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The 1954 first occurrence of'^^Cs is located in a clay interval ~4 cm below a 3 cm
thick sandy silt bed near the base o f core V C -16 (Fig. 32). The 1959 horizon peak
occurrence o f *^^Cs is located in a clay rich interval ~5 cm above the sandy silt bed at ~80
cm from the top o f the core (Fig. 32). These two dates bracket the age o f the sandy silt
bed between 1954 and 1959. This bracketed interval appears to suggest that the
deposition o f this sandy silt bed coincided with the first big drawdown in lake level
between 1954 and 1957 (Figs. 3 and 32). The 1959 clay was deposited during a time
when the reservoir was filling back to a level similar to that prior to the 1954 drawdown

(Fig. 3).
The 1963 peak occurrence o f '^^Cs in core VC-16 is located within a ~25 cm thick
interval of clay (Fig. 32). There does not appear to be any marked change in the
lithology within core VC-16 that correlates with the 1964-1965 drawdown in lake level
(Figs. 3 and 32).
The observed trend o f decreasing concentrations o f ’^’Cs in the sediment above the
interpreted 1963 horizon in core VC-16 corresponds very well with the post-1963 ’^’Cs
temporal atmospheric fallout record (Figs. 9 and 32). The -1 4 cm thick interval o f clay
above the 1963 horizon in core VC-16 is interpreted to have been deposited during the
subsequent filling o f the reservoir to capacity during the 1965-1983 transgression.
The upper 49 cm o f core VC-16 are characterized by a marked increase in overall
grain size and a decrease in the volume of '^^Cs-charged sediment relative to the lower 46
cm of post-impoundment sediment. However, there are at least three intervals that have
elevated '^^Cs concentrations above the 1963 horizon and may represent the reworking o f
^^^Cs-charged sediment in the tributaries to this portion o f Las Vegas Bay; one at 49-38
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cm from the top o f the core, a second at 32-20 cm from the top o f the core, and a third at
16-0 cm from the top o f the core (Fig. 32). These three post-1963 '^’Cs concentrated
intervals in core VC-16 occur in three coarser-grained intervals o f sand and silt separated
by finer-grained clay rich intervals (Fig. 32).
It is not clear what caused the deposition o f these three intervals o f coarse-grained
material with elevated *^’Cs concentrations. These deposits clearly postdate the 19651983 transgression and may be related to basin-wide events as suggested by their
stratigraphie position within core VC-16 and their lithological and isotopic trends that are
similar to those observed in cores VC-1 and VC-9 (Figs. 20, 26 and 32).
The sandy interval at 49-37 cm from the top o f core VC-16 is similar to the sand and
silt interval in core VC-9 between 65-41 cm from the top o f the core barrel in its
lithologie character and stratigraphie position (Figs. 26 and 32). Both intervals post-date
the 1965-1983 transgression, contain the first appearance o f reworked '^’Cs-charged
sediment in their respective cores and are both fairly well sorted sandy interval (Figs. 26
and 32).

Las Vegas Wash Historical
Shoreline Evolution
1965-1983 Transgression
Large scale erosion has been documented in the lower Las Vegas Wash both east o f
the North Shore Road Bridge and to the west o f the structure in reaches several miles
upstream since the late 1970’s (P. Glancy, personal communication; A. Ehrenberg,
personal communication; LVW Coordination Committee, 2004). The result o f this
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erosion was the influx o f massive amounts o f sediment to Las Vegas Bay and the
formation o f a delta complex where the Las Vegas Wash drainage entered Lake Mead.
Sediment accumulation has had a dramatic effect on the historical shoreline position
within the Las Vegas Wash region o f Las Vegas Bay (Fig. 11 ).
The 1970 shoreline position and morphology illustrates that the sediment supply
brought to the basin at this time by the Las Vegas Wash was low (Fig. 11). The shoreline
position at this time was proximal to

(-1 0 0

m southeast), and mimicked the pre

impoundment topographic expression o f the 1160 ft contour (353.6 m) (USGS, 1970b).
Lake elevation at this time was -352.7 m. Because the 1970 shoreline position coincided
with the location o f the pre-impoundment contour o f the same elevation, it is inferred that
little sedimentation had occurred at this local to alter the position o f the shore line at this
time. Additionally, the “estuary-like” morphology o f the 1970 shoreline in the Las Vegas
Wash region also suggests that sediment supply was low relative to lake level rise
(Posamentier and Allan, 1999).
1983-1988 Stillstand
Following the 1965-1983 transgression. Lake Mead was filled to capacity and
sustained an elevation o f -368 m during the 1983-1988 stillstand (Fig. 3). During this
period increased sediment supply to the basin as a result o f fluvial erosion in the lower
Las Vegas Wash resulted in the formation and progradation o f a large Las Vegas Wash
Delta into Las Vegas Bay, informally referred to here as the 1983-1988 stillstand delta.
By June o f 2000 when the lake elevation was -3 6 8 m, the shoreline position was -1.5 km
further basinward than the -365.8 m (1200 ft) pre-impoundment contour line (Fig. 11).
The spatial relationship between the June 2000 shoreline position and the -365.8 m pre-
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impoundment contour line, illustrates the dramatic effect that the increased sediment
supply during this period had on the removal o f subaqueous accommodation to result in
an -1.5 km normal shoreline regression (Posamentier et al., 1992).
1992 and 1996 Drawdowns
There were two minor drawdowns in lake level between the 1983-1988 stillstand and
June 2000, the 1992 and 1995 drawdowns (Fig. 3). The 1992 drawdown in lake level
caused the abandonment o f the prograding 1983-1988 stillstand delta and forced the
shoreline to move basinward. The position and morphology o f the May 1994 shoreline in
the Las Vegas Wash region illustrates the changes that had taken place in Las Vegas
Wash as a result of the increased sediment supply to the basin after 1970 (Fig. 11). The
position o f the May 1994 shoreline relative to the 1970 shoreline is up to -475 m further
basinward, yet the lake level was - 7 m higher in elevation in 1994 (Fig. 11). This
demonstrates that over 7 m o f accommodation had been removed between 1970 and 1994
in this region in Las Vegas Bay as a result o f increased sediment supply to the hasin. The
protruding morphology o f the May 1994 shoreline suggests that sediment supply to the
basin at this time was high relative to the change in lake level. However, there is a caveat
to this interpretation o f sediment supply to the basin as lake level was falling at this time.
This would have resulted in the apparent morphological expression o f a prograding
shoreline during a forced regression, which by definition occurs during a fall in relative
sea/lake level and does not require sediment supply to the basin (Posamentier et al.,
1992).
The erosion that has occurred within the post-impoundment sediment in Las Vegas
Wash in response to drawdowns in lake level and the resulting basinward migration of
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the shoreline is expressed in an outcrop (Di) -5 0 0 m southwest o f the approximate June
2000 shoreline position (Fig. 11). The eastern portion o f this outcrop illustrates the
aggradational stacking of at least two interpreted progradational sequences o f prodeltaic
clay, silt and proximal delta rippled sand intervals that are separated by flooding surfaces
(Fig. 36). These deposits are interpreted to have been deposited sometime between the
1983-1988 stillstand and the onset o f the 1992 drawdown based on their location with
respect to the

2 0 0 0

shoreline position, and their relationship to the younger onlapping

sediment to the west (Fig. 3).
In the western portion of the same outcrop the westward extent o f these deposits are
truncated by an interpreted erosion surface and have been subsequently onlaped by two
younger sequences o f prodeltaic clay and silt beds (Fig. 36). The truncation and onlap
surface in the eastern portion o f the outcrop can be traced to the west beneath the clay
beds into an underlying sandy gravel bed (Fig. 36). The underlying sandy gravel bed is
interpreted to represent a fluvial channel that had incised into the previously deposited
prodeltaic deposits, still present in the east, in response to a fall in lake level and the
basinward shift o f the shoreline, i.e., 1992 or 1995 drawdowns (Fig. 3). The clay beds
that are now onlaping the truncated prodelta deposits in the eastern portion o f Figure 36
are interpreted to have been deposited during a subsequent rise in lake level to a higher
elevation, thus moving the shoreline to the west beyond this locale, i.e., between the 1992
and 1995 drawdowns or before the 2000 drawdown (Fig. 3).
The gravel beds overlaying the onlaping prodeltaic muds in the western portion of
Figure 36 record the most recent basinward shift o f the shoreline beyond this locale (Fig.
11). These gravel beds are interpreted to represent a fluvial channel that was active
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during a relatively recent period when the lake level was higher than it is at present. The
current drawdown in lake level has resulted in the fluvial incision and large scale erosion
o f the older deposits now visible in outcrop along the Las Vegas Wash east o f the North
Shore Road Bridge (Figs. 3, 11 and 36).
A portion o f photomosaic D 5 illustrates the temporal development o f fluvial terraces
within Las Vegas Wash in response to the recent lowering in lake level (Fig. 37). In the
western portion of Figure 37 are sand and gravel clinoforms, the interpreted remnants o f
an abandoned delta to the west o f the location the photomosaic sequence (Fig. 11). These
deposits were abandoned during a subsequent rise and/or fall in lake level that eventually
cannibalized and reworked the older western deposits to from a succession o f five fluvial
terraces stepping down to the east (Fig. 37). This succession o f terraces probably formed
as the lake level episodically lowed in elevation between periods o f intermittent
stillstands (e.g. Merritts et al., 1994). Alternatively, the succession o f down to the east
fluvial terraces observed in Figure 37 may be the result o f an autoincision process known
to operate in the alluvial slope o f regressive deltas with a steady drop in lake level (Muto
and Steel, 2004). Autoincision is the result o f periodic autocyclic channel avulsions that
cut to form paired terraces within a regressive delta complex. It has not been resolved as
to what process caused the development o f these terraces, but autoincision is the favored
interpretation as the observed number o f fluvial terraces within the Las Vegas Wash seem
to be greater than the number o f recent stillstands in lake level during the recent
drawdowns in lake level (Fig. 3).
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2000 Drawdown
The most recent -2 0 m drawdown in lake level has resulted in - 2 km o f shoreline
regression from the June 2000 shoreline position as o f February 2004 (Fig. 11). The
lowering o f lake level appears to be the most significant contributor to this rapid
shoreline regression. The sediment influx to the Las Vegas Wash region o f Las Vegas
Bay during the 2000 drawdown appears to be low relative to the sediment supplied by
Las Vegas Wash during the late 1970’s-1990’s. Measurements o f the concentration o f
total suspended solids (TSS) within the water o f the Las Vegas Wash have been collected
by the Southern Nevada W ater Authority during dry conditions in 2001 and 2002
(SNWA, 2003). Measurements o f the TSS within Las Vegas Wash at these times were
collected both several kilometers west o f North Shore Road and in active channels on the
delta directly upstream of the shoreline (LVWCC, 2003). Their results suggest that the
majority o f TSS brought into Las Vegas Bay by the Las Vegas Wash (as the lake
elevation decreases during dry conditions) are being derived from abandoned fluvial and
deltaic deposits within the lower Las Vegas W ash (LVWCC, 2003). This scenario
observed in the Las Vegas Wash region o f Las Vegas Bay, a shoreline regression and the
cannibalization o f older highstand deposits due to a drop in base level, has been termed a
forced regression (Posamentier et al., 1992).
Figure 51 is a schematic illustration o f the Las Vegas Wash Delta evolution that
occurred subsequent to the 1964 drawdown. The profiles in Figure 51 were developed
from the observations made in the shoreline evolution in Las Vegas Wash, pre
impoundment topography (NRCS, 1935) and bathymetry data (D. Twichell, personal
communication; this study). The basinward down slope stacking pattern o f successively
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younger deltas corresponds with recent drawdowns in lake level from the 1983-1988
stillstand.

Correlations and Event Timing
Based upon the northern hemisphere atmospheric *^^Cs fallout history and the
measured '^^Cs profiles in VC-01, VC-09, and V C -16, a three year chronostratigraphic
frame work can be built; 1954, 1959 and 1963. A fourth horizon was also picked in the
three cores from the '^^Cs profiles representing -1960-1961 when the atmospheric fallout
concentration was at a minimum between peak occurrences in 1959 and 1963. There are
no further time constraints that can be directly deduced from the *^^Cs profiles measured
in these cores.
At the top of each core, presumably the sediment-water interface and lake bottom at
the time the cores were collected, a 2002 date can be placed into the chronostratigraphic
model. A sixth horizon interpreted to be a time transgressive surface (1935-1937) is the
top o f the gravelly pre-impoundment surface located near the base o f each core. The
1935 to 1937 dates have been assigned to the gravel pre-impoundment surface in each
respective core by identifying the elevation o f the core site locations prior to lake infilling
and then picking the year that the lake level reached that elevation and assigning the
surface that respective year. Deposition o f sediment onto the pre-impoundment surface
at these locations may not have ensued until a later time following lake level rise and
shoreline transgression as the rate o f lake level rise was high and the sediment flux to the
basin during this time was low to non-existent.
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Post-1964 correlations have been drawn between the cores based on the observed
trends within the '^’Cs concentrations in the upper portions o f core VC-1, VC-9 and VC16. Correlations between the cores based on the interpretation o f re-worked *^^Cscharged sediment are speculative. These correlations assume that the western tributaries,
specifically Las Vegas Wash, are the primary sources o f sediment to the basin and that
any trends observed throughout the cores are the result o f this point source.

Sedimentation Rates
Gross sedimentation rate calculations have been made based on the observed
thickness o f sediment in the cores and the six horizon chronology discussed above.
Neither bulk density nor porosity calculations were performed on the sediment collected
in the cores in Las Vegas Bay for this study. Sedimentation rates are based on the
observed sediment thickness and recognized chronology in cores VC-1, VC-9 and VC16. Bulk density and porosity calculations would permit quantification o f sediment
compaction at depth within the cores so that this factor could be accounted for in
sedimentation rate calculations.
Sediment compaction is apparent along the length o f the cores. The upper one to two
decimeters o f sediment in each core was saturated with water being described as “soupy”
in texture (Appendix 1). At depth below a couple decimeters fi"om the tops o f the cores,
the sediment was less saturated with water, less soupy in texture, and more cohesive
especially in the clay rich intervals as was observed when LPSA sediment sampling was
performed. During LPSA sediment sampling the cohesiveness o f the sediment increased
with depth.
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Sedimentation rates at sites VC-1, VC-9 and VC-16 were calculated based on the
observed thickness o f sediment in their respective cores and six horizon chronology
proposed by this study. (Fig. 52). Pre-1964 are 1.6 and 1.2 cm/yr at sites VC-9 and VC16 respectively (Table 3). Post-1963 are 3.8, 2.0 and 1.6 cm/yr at sites VC-1, VC-9 and
VC-16 (Table 3). The calculated sedimentation rate at site VC-1 is not representative for
the early pre-1964 period because the site experienced erosion during that time.
A previous '^’Cs study was performed on sediment cores collected in Las Vegas Bay
to estimate sedimentation rates for the basin (Covay and Beck, 2001). The reported
values were 1.45 (g/cm^) at a shallow site and 1.25 (g/cm^) at a deep site, (Covey and
Beck, 2001). The Covey and Beck (2001) study placed the '^^Cs first occurrence date
(1952 their study) within the post-impoundment sediment deposited onto o f the gravel
pre-impoundment surface below which they observed migrated '^’Cs in a shallow water
core collected in Las Vegas Bay near this study’s sites VC-1 through VC-4 (Covey and
Beck, 2001, their Fig. 2). Covey and Beck (2001) failed to explain this interpretation or
how '^’Cs-charged sediment migrated into the interpreted pre-impoundment material.
This study recognizes these data as the expression o f erosion and subaerial exposure
during the 1954-1957 drawdown o f Lake Mead (Fig. 3), and as such suggests that Covey
and Beck erroneously placed a 1952 date (their interpreted first occurrence o f ’^^Cs
deposition in the study area) onto sediment that must post-date their interpretation.

Basin Evolution
The interpretations made from the correlations along with the lake history data have
been synthesized to develop a temporal evolution model o f Las Vegas Bay (Figs. 3 and
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52). Three basin history phases where classified based all the data compiled for this
study.
1935-1964
The earliest history o f Las Vegas Bay during 1935-1954 is characterized by the initial
filling o f the reservoir, (1935-1938 transgression) followed by large seasonal fluctuations
in lake level, (1938-1954 seasonal fluctuations) with relatively minor influxes o f coarse
sediment into the basin (Figs. 3 and 52). There does not appear to be a significant
accumulation of sediment throughout the basin during this time. Minor accumulations o f
fine-grained sand and clay occurred during this time in the deep basin at sites VC-9 and
VC-16 (Figs. 2, 26, 32 and 52). The sand deposited at the base o f core VC-9 during this
time is interpreted to be the result o f shoreline transgression during the initial filling of
the reservoir (Figs. 3 and 52).
Little preservation o f sediment deposited in this early 1935-1954 period exists at sites
VC-1, VC-4, VC-8 and VC-13 due to two major subsequent drawdowns in lake level
(1954 and 1964 drawdowns) (Fig. 3). These two drawdowns resulted in subaerial
exposure and partial erosion o f previously deposited sediment at these locales (Fig. 52).
Coarse sediment influx into the deeper portions o f Las Vegas Bay occurred during the
1954 drawdown, i.e., cores VC-9 and VC-16 (Fig. 52).
Following the 1954 drawdown there was a rapid shoreline transgression to roughly
pre-1954 lake level elevations characterized by seasonal fluctuations in lake level from
1958-1963 (Fig. 3). During the 1958-1963 seasonal fluctuations in lake level there
appears to have been basin wide deposition o f fine-grained clay and silt as far west as site
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VC-1 in the Las Vegas Wash region and site VC-13 in the Gypsum Wash region (Fig.
52).
The 1964 drawdown in lake level was brief in its duration relative to the 1954
drawdown (Fig. 3). Subaerial exposure and possibly some erosion occurred as far east in
the basin as sites VC-4 and VC-1. Only a minor coarse sediment influx appears to have
occurred throughout the basin at this time. Coarse sand and silt may have been deposited
at site VC-9 during the 1963 drawdown (Figs. 3 and 52). However, no evidence o f
coarse sedimentation has been documented at site VC-16 during the 1964 drawdown.
1965-2002
Following the 1964 drawdown there was a prolonged shoreline transgression (19651983 transgression) as a result o f the slow filling o f the reservoir to capacity (Fig. 3).
The 1965-1983 transgression is characterized by a longer period change in lake level and
increasing fluvial discharges down the Las Vegas Wash relative to the early 1935-1964
history o f the basin (Fig. 3). It appears that the majority o f coarse-grained sediment, if
any was brought to the basin during this period, was confined proximal to the deltas that
were active at this time, i.e. 1968 Las Vegas, Gypsum and Government Wash Deltas
(Twichell et al., 2001).
The sediment influx to the basin via the Las Vegas Wash during the 1965-1983
transgression does not appear to have been significant enough to alter the positions o f the
transgressing shorelines relative to pre-impoundment topography (Fig. 11) (A.
Ehrenberg, personal communication). In light o f these observations, the increased fluvial
discharges and any related sediment being supplied by the Las Vegas Wash during the
1963-1983 transgression would have been minimal in its influence to the deeper portions
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of the basin. There is a relatively consistent trend o f homogenous clay above the 1963
horizons in cores VC-1, VC-9 and VC-16 (Figs. 20, 26 and 32). These clay intervals are
interpreted to have been deposited during the 1965-1983 transgression based on their
post-1963 chronostratigraphic position and the above mentioned observations (Fig. 52).
Sometime after 1963 there was a marked change in the character o f the sediment
being deposited throughout the deeper portions o f the basin (Fig. 52). These changes are
evident in the observed lithologies, grain size variations, and '^^Cs concentrations within
the sediment in cores VC-1, VC-9 and VC-16. It has not been resolved in this study as to
when or what triggered this marked post-1963 change in the sedimentation throughout
the Las Vegas Bay Basin. However, these deposits do appear to be fairly similar in their
stratigraphie positions within the cores and their cyclical nature in observed
sedimentology and *^’Cs concentration trends (Figs. 20, 26 and 32). The observed
similarities within the upper portions o f these cores collected throughout the study area,
suggest that a similar basin wide mechanism is controlling their deposition, perhaps
regional storm events and/or minor perturbations in lake level.
Compared to the 1954 and 1964 drawdowns in lake level, the 1992 and 1995
drawdowns are relatively small in magnitude (Fig. 3). Fluvial discharges down the Las
Vegas Wash have increased dramatically in the latter portion o f the basin’s history
relative to the early history (Fig. 3). It is known that large volumes o f sediment were
brought to the basin by the Las Vegas Wash during the late 1970’s to 1990’s as a result of
increased fluvial discharge (Fig. 3) (P. Glancy, personal communication; A. Ehrenberg,
personal communication; LVW Coordination Committee Website, 2004). However, it
has also been shown in this study using seismic, geophysical and core data that
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significant contributions of sediment are being brought to the basin by lateral tributaries
to the main channel axis o f Las Vegas Bay. Presumably, significant volumes o f
unconsolidated sediment have also accumulated at the heads or within the length o f many
o f the washes surrounding Las Vegas Bay relative to the early history.
In light o f all these observations, perhaps the 1965-2002 basin history period
documents the maturation o f the Las Vegas Bay basin with respect to sediment supply.
During the early basin history (1935-1964) while there was a low sediment supply to the
basin only the largest changes in the basin’s dynamics were recorded in the lower
portions o f the cores, i.e. 1954 and 1964 drawdowns. During the latter basin history
(1965-2002) because additional sediment was available to be reworked, even relatively
minor changes in lake elevation and/or increased fluvial discharges down the ephemeral
streams and perennial Las Vegas W ash surrounding the basin have been expressed
throughout the basin in the upper portions o f the cores (Fig. 52).
2002 to Present
The most recent history (post-2002) o f Las Vegas Bay is characterized by a continual
drawdown in lake level and several large volumetric discharges down the Las Vegas
Wash. Multiple bathymetry surveys conducted over a 31 month period between June
2000 and January 2003 show an -1 .4 km shoreline regression in Las Vegas Wash. These
surveys also indicate that the bulk sediment accumulation during this time has been
confined proximal to the Las Vegas Wash Delta (Fig. 34).
Interpretations made fi-om TSS measurements within the water o f the Las Vegas
Wash during dry conditions in 2001 and 2002 (SNWA, 2003) suggest that sediment is
primarily sourced from abandoned high lake level deposits within the Las Vegas Wash.
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The current scenario observed in the Las Vegas Wash o f a shoreline regression and the
cannibalization o f older highstand deposits due to a drop in base level, has been termed a
forced regression (Posamentier et al., 1992).
Observations related to this Las Vegas Wash example o f a forced regression suggest
that the bulk o f sediment being deposited at this time is confined to the deltaic
environment. Sediment may be transported at this time beyond the delta into the deep
basin. However, if these accumulations have occurred, they are beyond the resolution
and/or extent o f the two bathymetric surveys conducted for this study. The core data
suggest that coarse sediment has accumulated in the deep basin during the recent history
(post-1964) o f the lake but that the individual accumulations are thin, on the order o f a
decimeter or less (Figs. 26 and 32). Additionally, the sediment source(s) for these
deposits have not been determined and as such may not be related to activity observed in
the Las Vegas Wash.
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CHAPTER 6

DISCUSSION AND CONCLUSIONS
Sediment Thickness
There are moderate differences in the post-impoundment sediment thickness
calculated from seismic data in Las Vegas Bay (Twichell et al., 2003) and those
measured in this study using vibra-core sediment samplings. These discrepancies may be
due to a number o f factors including: (I) poor pre- and post-impoundment seismic
reflector picking, (2) grid interpolation artifacts using the seismic traces or over/under
estimations within the interpolation model, (3) an over estimation o f the sonic velocity in
post-impoundment sediment used for the time to depth calculations, or (4) sediment
compaction during vibra-core recovery. This being said, the calculations made by
Twichell et al. (2003) are all accurate to within ~1 m o f the ground truth thickness
observed in cores where the post-impoundment sediment was penetrated.
Twichell et al. (2001) attributed the bulk o f the post-impoundment sediment
accumulation in Las Vegas Bay (53%) to the Las Vegas, Gypsum, and Government
Washes. Twichell et al. (2001) assigned the remainder the measured post-impoundment
sediment in Las Vegas Bay to pro-delta accumulation. The deltaic volume calculations
were made within the three largest tributaries to the basin (Twichell et al., 2001). The
Twichell et al. (2001) study failed to account for the cumulative influence o f many lateral
tributaries to Las Vegas Bay (Fig. 2). Additionally, no differentiation was made between
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true pre-1968 deltaic accumulations and post-1968 pro-delta deposits o f the 1997 deltas
in the Twichell et al. (2001) study. If the 1997 Las Vegas Wash Delta in particular
supplied a proportionately larger volume o f sediment to the basin than the 1968 Las
Vegas Wash Delta, then part of the 1968 Las Vegas W ash Delta volume calculated by
Twichell et al. (2001) is in reality pro-deltaic deposits to the 1997 Las Vegas Wash Delta
and have been thus attributed to the wrong time period. In light o f this observation,
during the early history of the basin, the Las Vegas Wash was o f a lesser influence with
respect to sediment supply than suggested by Twichell et al. (2001).

Sediment Source
It is apparent from the distribution o f post-impoundment sediment in Las Vegas Bay
that sediment is entering the basin from multiple sources along the length o f the entire
main channel axis (Fig. 8). The nature o f the sediment brought into the basin by these
lateral tributaries is not well understood as they (1) are located along the edges o f the
sidescan sonar surveys where the resolution is poor, (2) were not well covered by the
seismic surveys, and (3) have essentially no core samplings (Figs. 6, 25 and 31).
It is proposed in this study that core VC-7 was collected outside o f the sediment
influence o f the Las Vegas Wash and has accumulated episodic storm related sediment
sourced from a southern tributary to Las Vegas Bay. Also, this is the only core o f this
study that directly sampled a lateral tributary supplying sediment to Las Vegas Bay.
Overall the post-impoundment sediment in this core is coarse-grained throughout its
length. The coarse-grained nature o f post-impoundment sediment in core VC-7 is most
likely due to the ephemeral drainage, small catchment area, steep gradient and short reach
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of the wash supplying sediment to this locale relative to larger tributaries like the Las
Vegas Wash (Fig. 2). These characteristics favor the episodic deposition o f coarse
grained material at times o f storm events and preclude the continual deposition o f fine
grained material as is observed outboard o f the 1997 Las Vegas Wash Delta, i.e. cores
VC-5, VC-6 and VC-10. Many o f the lateral tributaries surrounding the Las Vegas Bay
have similar characteristics to ephemeral wash example that supplied sediment to site
VC-7 (Fig. 2). These similarities may provide insight into the nature o f the sediment that
is supplied to the basin from the other ephemeral lateral tributaries surrounding Las
Vegas Bay. The sidescan sonar data further support this notion especially in the vicinity
o f site VC-16 where a relatively large northern tributary supplies high backscatter sand
material into the main channel axis just northwest o f the terminus o f Las Vegas Bay (Fig.
31).
The implication for lateral tributaries supplying sediment throughout the length of
Las Vegas Bay is that core correlations cannot be treated as a simple two-dimensional
problem. However, lateral tributary sediment contribution to the basin may help explain
some of the apparent lithological discrepancies that are observed when the cores are
correlated (Fig. 52). Where anomalously thick accumulations o f sand occur well
outboard o f the Las Vegas Wash and do not show an apparent up dip correlation they
may be attributed to a lateral tributary supply, i.e. silt and sand deposits in the upper half
o f core VC-16 and the -2 3 cm thick accumulation o f sand in the upper portion o f core
VC-9.
An overall coarsening upward trend is apparent throughout the basin as evidenced in
many o f the cores. Lateral sediment thinning and fining down dip is also observed
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between many o f the cores west o f site V C -15. The apparent lateral continuity between
cores VC-1, VC-9 and V C -16 o f the sand and silt intervals that were deposited during the
1954-1957 drawdown in lake level is intriguing. It seems most likely that these deposits
maybe time correlative (Fig. 52) but not laterally continuous (Fig. 31). The two largest
drawdowns in lake level have had a dramatic impact on the stratigraphy o f Las Vegas
Bay. Locations to the west o f site VC-1 and at higher elevations were subaerially
exposed and may have experienced erosion at these times (Fig. 52). Locations from site
VC-1 and to the east at lower elevations accumulated beds o f coarse-grained material at
this time. The Las Vegas Wash was not supplying a substantially large volume o f water
to the basin during this early period in the lake’s history (Fig. 3), and as such would have
been more similar to the ephemeral lateral tributaries in the smaller volume o f sediment it
supplied to the basin at this time (Twichell et al., 2001). A regional storm event during
this period o f low lake level early in the reservoir’s history may have resulted in the basin
wide deposition o f coarse-grained material that appears to be laterally continuous from
site VC-1 to site VC-16, but in reality would have been derived from separate tributaries;
tributaries from the south and west to site VC-1, tributaries from the west, north and
south to site VC-9, and tributaries from the north and southwest to site VC-16 (Figs 2, 6,
25, and 31).
Additional data supporting the lateral tributary hypothesis to the main channel axis in
Las Vegas Bay can be observed in the trends and concentrations o f *^’Cs in the upper
portions o f cores VC-9 and VC-16. The upper 12-14 cm o f sediment in core VC-16 are
elevated in their '^^Cs concentrations (Fig. 32). Nowhere in the upper -5 0 cm of
sediment in core VC-9 can a similar trend o f continual elevated levels o f *^^Cs be
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observed (Fig. 26). If the source for the '^^Cs-charged sediment observed in the upper
portion o f core VC-16 originated west o f site VC-9 and flowed down the bottom o f Las
Vegas Bay then one would expect to see some evidence o f deposition in core VC-9. This
does not appear to be the case. The '^’Cs-charged sediment in the upper 12-14 cm o f
core V C -16 is most likely being derived from a lateral tributary to Las Vegas Bay east o f
site VC-9.

Basin History
The history o f Las Vegas Bay can be separated into two distinct periods (1) an early
pre-1964 period characterized by low sediment supply to the basin and seasonal
fluctuations in lake level, and (2) a latter post-1964 period characterized by a higher
sediment supply to the basin and longer period changes in lake level. These two periods
are evident in the sedimentology observed in the cores collected in Las Vegas Bay for
this study. Sedimentation rates were lower during the early pre-1964 lake history period
than during the latter post-1964 period (Table 3). The overall grain size o f sediment
deposited at sites VC-1, VC-9 and VC-16 increased from clay and minor silt to sand and
silt with minor clay sometime during the post-1964 period and continues through the
present (Figs. 20, 26 and 32).
The principle driver in the accumulation o f sediment in Las Vegas Bay has been an
increase in the sediment supply to the basin coupled with increasing fluvial discharges
down Las Vegas Wash (Fig. 3). Regional storm events appear to have played an
important role in the stratigraphie evolution o f the basin outboard the Las Vegas Wash
confluence with Gypsum Wash. In the early history o f the lake during the pre-1964
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period, fluvial discharge down Las Vegas Wash was low while large lake level
fluctuations occurred on a seasonal basis (Fig. 3). Despite the dramatic regressions that
occurred during these early drawdowns in lake level (1954-1957 and 1964-1965), there
was little sediment being supplied to the basin (Fig. 11). The sediment that was
deposited at these times was mostly clay and silt with only minor amounts o f sand (Figs.
20, 26 and 32).
Cannibalization and the reworking o f early post-impoundment sediment (pre-1963)
may have occurred in the shallower portions o f the study area during the early 1954 and
1964 drawdowns in lake level, i.e. cores VC-1, VC-4, VC-8, VC-11, and VC-13. Erosion
at these locales could only occur if the tributaries supplying water to the reservoir at this
time were below capacity with respect to their sediment load. This too suggests that
sediment supply to the basin during the early history o f the reservoir was low.
Some time in the later history o f the lake during the post-1964 period, (during/after
the 1983-1988 stillstand?) there was a marked change in the type o f material that was
being deposited throughout the Las Vegas Bay Basin. The latter history o f the lake is
characterized by a relatively stable lake level with an elevated sediment supply to the
basin and increased fluvial discharge down Las Vegas Wash. These changes in the Las
Vegas Wash appear to have had a basin-wide impact on the stratigraphy o f Las Vegas
Bay. However, the chronological tool used in this study lacks the resolution to constrain
ages on the stratigraphy deposited post-1963 within in Las Vegas Bay. As such direct
correlations cannot be drawn between specific events in the lake history data and the
most recent change in the nature o f the sediment deposited in Las Vegas Bay (Figs. 3, 20,
26 and 32).
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Basin Physiography
The physiography of Las Vegas Bay plays an important role in the stratigraphie
evolution o f the basin. The pre-impoundment physiography o f the basin has controlled,
(1) the path the sediment laden underflow currents travel down the main channel, e.g.,
coarse sediment traveling south o f site VC-15, (2) the longitudinal positioning o f thick
accumulations o f coarse material in response to lateral sediment sources, e.g. sites VC-7
and seismic line L48fl, (3) the deposition o f coarse material where flow velocities are
slowed at bends in the main channel and in breaks in slope, e.g. southeast o f site VC-15
and lateral northern tributary between sites VC-15 and VC-16.

Future Studies
Future studies could employ additional chemical techniques on the sediment collected
in cores within Las Vegas Bay to help resolve post-1963 chronology issues discussed
above, i.e., developing a musk compound chronology based on historic commercial
development o f various recognized compounds for consumer and industrial uses
(Osemwengie and Steinberg, 2001). This technique would require new core samplings as
the cores collected during June, 2002 have been exposed to atmospheric conditions, thus
destroying the compounds.
If future core collection did occur in Las Vegas Bay, site location choices might
include lateral tributaries to Las Vegas Bay as discussed earlier to address issues o f
lateral sediment contribution to the basin, and several additional deep water cores in the
main charmel axis between sites VC-9 and VC-16 (Fig. 2). The June, 2002 core sampling
was heavily weighted towards the Las Vegas Wash Region o f the basin and seemingly
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overlooked complications that might have occurred in choosing only shallow water site
locations.
Provenance issues have been raised by this study. A future study o f the stratigraphy
in Las Vegas Bay should include some investigation into the many potential sources o f
the material deposited in the basin. Chemical signatures can be tied back to the Las
Vegas Wash due to its association with a metropolitan population.
No measurements o f sediment bulk density were made at the time the cores were
collected for this study. This physical property should be measured if future coring is
ever completed in Las Vegas Bay. Bulk density can be used to determine the amount of
compaction that has occurred within the sediment collected. It should be known when
making sedimentation rate calculations to remove the effects o f sediment compaction and
dewatering. Additionally, this property can be utilized to calibrate time to depth seismic
velocity calculation o f the post-impoundment sediment.

Study Significance
Traditional sequence stratigraphie studies typically employ a simple two-dimensional
depositional model with a static temporal influx o f sediment when attempting to explain
the depositional history o f a basin (e.g., Payton, 1977; Wilgus et al., 1988). While these
studies can provide a wealth o f insight into the stratigraphie evolution o f a basin, they are
short sighted in that they fail to recognize the three dimensional effects o f lateral
contributions o f sediment to the resulting two-dimensional profiles they develop.
Additionally, they fail to recognize the temporal changes that typically occur with regards
to sediment influx to a basin. Recent developments in 3D seismic technologies have
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provided a means for researchers to resolve subsurface paleo-geomorphology (Abreu et
al., 2003; Fonnesu, 2003; Posamentier and Kolia, 2003). These studies investigate the
effects basin physiography and morphological evolution have had on the spatial
development o f a basin’s stratigraphy over time (Abreu et al., 2003; Fonnesu, 2003;
Posamentier and Kolia, 2003). Las Vegas Bay provides a well constrained mid-scale
environment to study the effects the basin’s history and physiography have had on the
development o f various depositional elements characteristic o f deep water settings, i.e.,
basin floor sand lobes, basin floor meander channels, and deep water fans.
Many experimental studies employ the use o f a point source to examine the
stratigraphie evolutions that take place in their respective studies (e.g., Heller et al., 1999;
Muto and Steel, 2004). While a point source for sediment supply to a basin is an
acceptable approximation at the large regional scale, it is an inappropriate oversight for a
small local scale study like Las Vegas Bay. In light o f this scale issue with regards to
multiple sources of sediment in Las Vegas Bay, perhaps future experimental studies may
investigate the spatial effects multiple point sources have on the stratigraphie
development o f basins similar in their morphology to Las Vegas Bay, (i.e., estuary valley
fills).

Summary
This study has integrated observations made from historic shoreline mapping, fifteen
chirp seismic lines, two sidescan sonar surveys, two bathymetry surveys, sixteen
sediment vibra-cores, LPSA and '^’Cs analyses to determine the distribution and
temporal relationships o f the sediment within the Las Vegas Bay region o f Lake Mead,
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NV and AZ. Several horizons within the cores were dated using '^^Cs analyses and
related to the documented history o f the reservoir to develop a temporal basin filling
model for Las Vegas Bay. The evolution o f the basin has been divided into two periods.
The early 1935-1964 period is characterized by a low sediment influx to the basin and
dramatic seasonal fluctuations in lake level. The latter 1965-2002 period is characterized
by larger sediment influx to the basin, coarser material, and longer period changes in lake
level.
This study investigated the cause and effect relationships between sediment supply
and base level changes within a complex physiographic setting. Sediment supply appears
to have been the largest factor governing the temporal filling o f the basin. While
dramatic changes in lake level occurred during the early history o f the reservoir, they are
not well expressed in the deeper portions of the basin because o f a low sediment supply at
this time. Changes in lake level have been more influential in the filling o f the basin
during its latter history.
Physiography has played a significant role in controlling the path sediment laden
underflow currents travel throughout the basin. High backscatter sand is observed on the
basin floor where there are bends in the main channel, and in locations where lateral
tributaries debouch into the main channel axis and break in slope. This study documents
several depositional elements characteristic o f deep water settings; two fan complexes at
the base o f tributaries to the basin, and a single 300 m long by 20 m wide muddy
meander channel within a -500 m wide relatively flat laying portion o f the deep basin.
This study has also documented a 1.5 km normal regression o f the Las Vegas Wash Delta
that occurred during a -1 7 year period o f high lake level and elevated sediment supply.
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and a recent 1.4 km forced regression o f the Las Vegas Wash Delta into Las Vegas Bay
as a result o f a 20 m drawdown in lake level over a three year period.
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Table 1. List o f sixteen sediment vibra-cores collected in Las Vegas Bay during June 2002 and their respective attribute data. Lake
elevation was -353.6 m at the time the cores were recovered.
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Core
VC-1
VC-2
VC-3
VC-4
VC-5
VC-6
VC-7
VC-8
VC-9
VC-10
V C-11
VC-12
V C-13
VC-14
V C -15
V C -16

Longitude
-114.8513
-114.8513
-114.8513
-114.8513
-114.8646
-114.8639
-114.8586
-114.8552
-114.8350
-114.8635
-114.8542
-114.8520
-114.8519
-114.8305
-114.8119
-114.7847

Latitude
36.1175
36.1175
36.1176
36.1176
36.1265
36.1271
36.1195
36.1184
36.1172
36.1257
36.1240
36.1217
36.1198
36.1176
36.1054
36.0903

Date
Collected
5/29/2002
5/29/2002
5/29/2002
5/29/2002
5/30/2002
5/30/2002
5/30/2002
5/30/2002
5/30/2002
5/31/2002
5/31/2002
5/31/2002
5/31/2002
6/1/2002
6/3/2002
6/3/2002

Barrel
Length
(cm)
186
234
246
227
249
239
239
174
161
225
125
111
125
239
156
121

Core
Length
(cm)
180
235
246
216
249
238
94
175
161
226
125
111
110
239
157
121

Core
Type
Vihra-core
Vihra-core
Vihra-core
Vihra-core
Vihra-core
Vihra-core
Vihra-core
Vihra-core
Vihra-core
Vihra-core
Vihra-core
Vihra-core
Vihra-core
Vihra-core
Vihra-core
Vihra-core

Water
Depth
(m)
24.4
24.4
24.4
24.4
7.1
6.8
16.0
20.8
42.2
9.3
12.3
16.4
19.7
44.9
70.1
113.0

Core
Elevation
(m)
3292
3292
3292
329.2
346.5
346.8
337.6
332.8
311.4
344.3
341.3
337.2
333.9
308.7
283 j
240.6

Table 2. Percent error calculations for two interpolation models used to generate gross
sediment accumulation calculations from the June 2000 and January 2003 bathymetry
survey data. The IDW interpolation surfaces have a smaller maximum percent deviation
from the measured data point values than the Normal Kriging interpolation surfaces.
Interpolation
Surface
2000 IDW
2000 Kriging
2003 IDW
2003 Kriging

Number of
Points
1826
1826
4557
4857

Minimum
Percent
Deviation
0.00
0.00
0.00
0.00

Maximum
Percent
Deviation
1.72
2.69
1.38
1.18

Sum
Percent
Deviation
164.05
395.63
115.11
101.89

Mean
Percent
Deviation
0.09
0.22
0.02
0.02
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Standard
Deviation
0.16
0.31
0.05
0.04
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Table 3. Observed temporal sediment thickness and calculated sedimentation rates for three cores collected in Las Vegas Bay.
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VC-9
VC-16
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CD
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Core

Sedimentation
Rates

Core

VC-1
VC-9
VC-16

Pre-impoundment to 1954
(cm)
0
6
11

1954-1959
(cm)
9
14
10

1959-1963
(cm)
10
22
10

1963-2002
(cm)
146
76
64

Pre-1964
(cm)
19
42
31

Post-1963
(cm)
146
76
64

Pre-impoundment to 1954
(cm/yr)
0.0
0.3
0.6

1954-1959
(cm/yr)
1.8
2.8
2.0

1959-1963
(cm/yr)
2.5
5.5
2.5

1963-2002
(cm/yr)
3.7
1.9
1.6

Pre-1964
(cm/yr)
0.7
1.6
1.1

Post-1963
(cm/yr)
3.7
1.9
1.6

-113.0

-1 2 1 .0

Oregon

Idaho
Nevada

California

Lake
Mead
Las

\r

A rizonal

%
.

I North

Figure 1. State map and LandSat 1984/87 TM Data image (Keck, 2004) showing the
location o f the Lake Mead reservoir along the southern Nevada and northwestern
Arizona state borders. Lake Mead is approximately 30 miles east o f the city o f Las
Vegas. The three largest tributaries supplying water to the reservoir are the Colorado
and Virgin Rivers, and the Las Vegas Wash. Yellow box represents the extent o f
Figure 2.
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Figure 2. Pre-impoundment topographie map, (20' contours) o f the Las Vegas Bay study area (USGS, 1970a; 1970b; 1970c; 1970d)
witch shows the site locations o f 16 vibra-cores collected in June 2002 (yellow circles) and a single seismic line (red line) collected
along the thalweg of the submerged Las Vegas Creek (Twichell et al., 1999; 2001). Green boxes represent the extent o f Figures 6,25
and 31. Three principle tributaries to Las Vegas Bay and two roads are labeled.
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Lake Mead Monthly Water Elevation
January 1935 - September 2002
Elevation (m)
370

380

360

350

340

330

320

2000
Drawdown
-1998
-1994
-1992
-1990

1992 & 199
Drawdown^

1983- 1988
Stillstand
-1980

-1974

1965- 1983
Transgress

CD

1964
Drawdown

1958 - 1963
Seasonal Fluctuations
.-1958

1954
Drawdown
1938-1954
Seasonal Fluctuations

1935-1938
Transgress

1800

1500

1200

900

600

300

Discharge (cfs)
Las Vegas Wash Daily Discharge
October 1,1957 - September 30, 2002

Figure 3. Historic record o f Lake Mead water elevations (blue) constrains changes in
base level affecting sediment distributions within the reservoir (Bureau o f Reclamation
Records, March 1, 2003). Historic daily record o f Las Vegas Wash discharge (red) may
serve as a proxy for sediment supply to the basin (USGS Records, January 1, 2004).
Black arrows indicate significant episodes during the lake's history as discussed in text.
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Figure 4. Seismic line LSOfl along the main channel axis in Las Vegas Bay. Depth calculations were made to the sediment-water
interface using lake elevation, (t = 0 sec) as a datum to determine the slope o f the channel axis beyond the Las Vegas Wash delta
front down to the terminus o f Las Vegas Bay. The profile is characteristic o f a ramp depositional surface with no apparent break in
slope; uniform gradient -1.2° along the length o f the main channel axis in Las Vegas Bay. See Figure 2 for location o f the profile.
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Figure 5. Lower Las Vegas Wash banks have been cut back and graded to prevent further erosion in this portion o f the Wash. The
Las Vegas Wash Creek bed was at the elevation represented by the dashed yellow line in the photograph when the North Shore
Road bridge was built in 1978. This photograph illustrates the amount of erosion that took place in this region during the late
1970's through 1990's. Between 25-30 feet o f downcutting took place beneath the North Shore Road Bridge over a -2 5 year
period (J. Leising, personal communication). North Shore Road Bridge is -6 0 m long.
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Figure 6. (a) Site map o f Las Vegas Wash and Gypsum Wash confluence area with nine vihra-core site locations (yellow circles)
collected in the spring o f 2002, and eleven seismic lines (red lines) collected in the spring o f 2000 (Twichell et al., 2001). The
western 2000 side-scan sonar survey has been overlain onto the eastern 1999 side-scan sonar survey (Twichell et al., 2004). (b) Two
potential flow paths for sediment exiting the Las Vegas Wash Region to travel to site VC-8 (blue arrows).
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Figure 7. (a) Seismic dip profile L39 across the 1997 Gypsum Wash Delta with location o f site VC-11 (red trapezoid) and (b) L02 of
the 1997 Las Vegas Wash Delta, (figures adapted from Twichell et al., 2001). The 1997 Gypsum Wash Delta displays poor deltaic
morphologies relative to the 1997 Las Vegas Wash Delta which has a clear delta top, front and prodelta region. See Figure 6 for map
location o f seismic lines.
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Figure 8. Isopach map o f post-impoundment sediment in Las Vegas Bay overlain onto sidescan sonar data and a shaded relief map
(adapted from Twichell et al., 2003). The six deltas described by Twichell et al. (2001) have been labeled in the three major
tributaries to Las Vegas Bay with the location o f the 16 vibra-cores (yellow circles) collected in June, 2002.
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Figure 9. '^^Cesium fallout concentrations recorded in the northern hemisphere
resulting from atmospheric nuclear weapons testing. ^^^Cesium deposition from the
1986 Chernobyl incident is negligible in the study area and has thus been removed from
this plot (modified from He et al., 1999). See text for discussion.
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Figure 10. Two bathymetry surveys collected during a 15 m drawdown of Lake Mead (June 2000 - blue circles and January 2003
red circles). The westward limits o f the two surveys show the -1 .4 km progradation of the Las Vegas Wash Delta that took place
between the time of the two surveys (green arrow).
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Figure 11. Digital Ortho-Quardangles o f the Lower Las Vegas Wash east o f North Shore road (Keck, 2004), with sidescan sonar
overlay depicting subaqueous lake floor morphology (Twichell et al., 2001). Historic shore line positions, solid (measured) and
dashed lines (estimated), with corresponding lake elevations are shown in white and yellow. Note the positions o f the 1994 and 2000
shorelines relative to the 1970 shore line and their respective elevations. More than 7 meters o f accommodation had been removed
by sediment deposition between 1970 and 1994. Progradation of the Las Vegas Wash Delta between 1983 and 2000 (-1.5 km) is
depicted by a yellow arrow south o f the Las Vegas Wash. Locations of photomosaics in Figures 49 and 50 are represented by blue
dots connected by solid white lines. Subaqueous roadway sidescan sonar interpretation -135 m northwest o f site VC-7 is labeled
with black arrows. Four vibra-core locations are represented by yellow circles.

l« its ë

V
> (M
EfjS
CM

dj

c iiS " '

m -

a m f m m r n

135

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

Core VC-5

Depth
rSand(f^)

Legend
Lithology
n

C o n g lo m e ra te

□

S and

[ ] Clayey Silt
n

Silty Clay

r~ l Silty S and

g C la y

B

Clayey Sand

X P lant M aterial

R

S an d y Silt

n s ilt
Contacts
— Sharp
---- Gradational

Irregular

t

)ÿ -

Figure 12. Generalized graphical log for core VC-5. Location o f
core is on Figure 2.
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Figure 13. Generalized graphical log for core VC-6. Location of
core in on Figure 2.
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Figure 14. Generalized graphical log for core VC-10. Location
of core is on Figure 2.
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Figure 15. Generalized graphical log for core VC-7.
Location o f core is on Figure 2.
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Figure 17 Generalized graphical log for core VC-11.
Location o f core is on Figure 2.

1.1

141

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

■

Core VC-12
Legend

Depth

Lithology
r~ l C o n g lo m e ra te

□

Clayey Silt

□

sand

□

Silty Clay

□

Silty S and

|

Clay

■

0.1

■

0.2

§ 0 Clayey S and
B

S an d y Silt

□

Silt
■0.3 ■

Contacts
— Sharp
---- Gradational

0.4-

Irregular
0.5-

■

0.6

■0.7-

0.8

1
Figure 18. Generalized graphical log for core V C -12.
Location o f core is on Figure 2.
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Figure 19. Generalized graphical log for core VC-13.
Location o f core is on Figure 2.
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Figure 21. Two outsized masses removed from the top o f very fine sand beds with abundant amounts o f fibrous plant material at
(a) 66 cm and (b) 68 cm from the top o f core VC-1. Scale bars at the base o f the images are centimeters.

Core VC-4
Cs137

Legend
Lithology
□

C o n g lo m e ra te

I I Clayey Silt

□

S and

r~ j Silty Clay

□

Silty S and

■

H

Clayey S and

Y P lan t M aterial

B

S an d y Silt

d

0.1

■

Clay
Y

0.2

O u tsized Mass

n Silt
Contacts
— S h arp
---- G ra d a tio n a l
137

—

0.5

Irre g u la r

0.6Cesium Analysis
C esium -1 3 7
No D e te c ta b le
C esium -1 3 7

1.3

1.4-1.5

1.6-1 .7 -

-1.8Figure 22. Generalized graphical log for core VC-4
with LPSA results. Location o f core is on Figure 2.

-1 .9 -

146

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

1963

CD
■D

O
Q.
C

8Q .
■CDD
C/)
C/)

8
ci'

a#

33 "
CD
CD

■D
O
Q.
C

a
O
3
"O
O

-U

*

CD
Q.

■CDD
C/)
C/)

Figure 23. Outsized masses removed from a graded coarse gravel and sand deposit near the base o f core VC-4 at (a) 165 cm and
(b) 166 cm from the top o f core VC-1. Scale bars at the base o f the images are centimeters.
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Figure 24. Cumulative percent o f clay, silt and sand fractions in core VC-1 from LPSA
results. Vertical axis represents the distance in centimeters from the top o f the core.
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Figure 25. (a) Site map o f the central main channel axis in Las Vegas Bay near the Government Wash confluence with three vibracore site locations (yellow circles) and four seismic lines (red lines) (Twichell et al., 1999). The 2000 side-scan sonar survey (north)
has been overlain onto the 1999 side-scan sonar survey (Twichell et al., 2004). (b) Potential flow path for sediment entering the
main channel axis from a northern tributary (blue arrow) and two interpreted muddy meander channels or ridge shadows.
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Figure 28. Cumulative percent o f clay, silt and sand fractions in core VC-9 from LPSA
results. Vertical axis represents the distance in centimeters from the top o f the core.
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Figure 30. Cumulative percent o f clay, silt and sand fractions in core V C -15 from
LPSA results. Vertical axis represents the distance in centimeters from the top o f the
core. Four coarser intervals identified within the LPSA results are have been labeled.
See text for discussion.
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Figure 34. Two gross sediment aeeumulation models developed to from the June 2000
(D. Twichell, personal eommunication) and January 2003 bathymetry surveys
conducted in the Las Vegas Wash region o f Las Vegas Bay; (a) Kriging model, (b) IDW
model. The IDW ealeulation produced less pronounced interpolation artifacts where the
two surveys did not overlap and had smaller overall error when compared to the
measured data points. These calculations suggest that the hulk sediment accumulation
has been confined proximal to the delta. Minor amounts o f sedimentation beyond the
delta front may be recorded in these data. Large accumulation values between track
lines where the two survey do not overlap are probably artifacts o f the interpolated
surfaces between these data points.

160

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

.

hi

d| (, /

Legend

Thickness (m)
4 -5
3 -4
2 -3

fW

□

1 - 0.5

□

<0.5

Im e n
# 4 e -d e

j^ ,A r ti% ts " e '

'i v

/

/

Legend

Thickness (m)

f

0

3 -4

□

1 - 0.5

□

< 0.5

f
.f .= .

161

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

1997 Las Vegas""
W ash D elta-

,

'j .

Drawdown Incision
1994- 1996

W ghgM ggg

Delta Front

Legend
Lake Floor
Elevation (m)

Sand

[—] 360 - 365
355 - 360
350-355
345 - 350
340 - 345
335 - 340
330-335

Legend
Lake Floor
Elevation (m)

Della F
January 200g.

polated
vairon

ED 355 - 360
350-355
345 - 350
340-345
335 - 340
330-335
325 - 330
Lake Level

0
Figure 35. (a) Perspective view looking west towards the Las Vegas Wash. 3-D model
o f the lake floor from June, 2002 bathymetry data displaying the 1997 Las Vegas Wash
Delta, Twichell et al. (2001). Lake elevation 367 m (Bureau o f Reclamation Records),
(b) 3-D model o f the lake floor showing sediment accumulation and the progradation o f
the Las Vegas Wash Delta into Las Vegas Bay, (January, 2003). Delta front -300m
across. Lake elevation 352 m, (Bureau o f Reclamation Records).
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Figure 41. (a) Seismic strike profile L50 across Las Vegas Bay northwest o f the Las Vegas Wash and Gypsum Wash confluence.
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down dip, i.e., coarser sediment to the west; see Figure 38.
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Figure 43. (a) Seismic strike profile L28 across Las Vegas Bay northwest o f the Las Vegas Wash and Gypsum Wash confluence.
Core VC-7 was collected south o f the Las Vegas Bay axial valley. Core VC-11 was collected in the Gypsum Wash Region o f Las
Vegas Bay at an elevation that appears to correlate with the 1968 Gypsum Wash Delta (Twichell et al., 2001). (b) Interpretation of
the seismic line L28. Same legend as Figure 40.
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Figure 44. (a) Seismic strike profile L51 across Las Vegas Bay northwest o f the Las Vegas Wash and Gypsum Wash confluence.
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Figure 45. (a) Seismic strike profile L49fl across the Las Vegas Bay (Twichell et al,
1999). Core VC-9 was collected in the main channel axis o f Las Vegas Bay. (b)
Interpretation of the seismic line L 4 9 fl. Post-impoundment sediment is entering the
main channel axis o f Las Vegas Bay from a northern latteral tributary and appears to be
sourced fi-om the south as well were the post-impoundment sediment onlaps the pre
impoundment surface and pinches out. Same legend as Figure 40.
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Figure 46. (a) Seismic strike profile L48fl across the Las Vegas Bay (Twichell et al,
1999). Core VC-14 was collected along the steep northern canyon wall o f the main
channel axis in Las Vegas Bay. (b) Interpretation o f the seismic line L48f 1. Postimpoundment sediment is entering the main channel axis of Las Vegas Bay fi’om a
northern lateral tributary and appears to be derived fi'om the south as well were an
interpreted sand and mud fan has developed on an inclined pre-impoundment slope
(actual southern sediment source not seen in this profile). Same legend as figure 40.
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Figure 47. (a) Seismic strike profile L77fl across the Las Vegas Bay main channel axis
southeast o f the Government Wash confluence (Twichell et al, 1999). (b) Interpretation
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figure 40.
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Figure 48. (a) Seismic strike profile L43fl across the Las Vegas Bay (Twichell et al.,
1999). (b) Interpretation o f the seismic line L43fl. Post-impoundment sediment travels
down the main channel axis o f Las Vegas Bay from the west. The northern portion o f
seismic line L43fl displays a thick accumulation o f post-impoundment sediment.
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Same legend as Figure 40.
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Figure 49. (a) Seismic strike profile L74fl across the main channel axis in Las Vegas
Bay ~1 km southeast o f site VC-15 (Twichell et al, 1999). (b) Interpretation o f the
seismic line L 74fl. Post-impoundment sediment covers the entire width o f the main
channel axis. Low Backscatter mud meander channel observed in the sidescan sonar
data produces little topographic expression in seismic line L43fl. Sediment is being
brought to the basin from northern tributaries. An apparent southern tributary is
suggested by the post-impoundment sediment drape dipping to the north and filling in
the irregular pre-impoundment topography. Sediment is also being transported down
the main channel axis from the northwest to form the mud meander channel observed in
the sidescan sonar data. Same legend as Figure 40.
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Figure 50. (a) Seismic strike profile L28fl across the terminus o f Las Vegas Bay
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legend as figure 40.
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Figure 51. Schematic illustration o f the evolution o f the Las Vegas Wash Delta. (1) Large Las Vegas Wash Delta formed during
the late 1965-1983 transgression and 1983-1988 stillstand as a result o f increased sediment supply to the basin caused by large
scale fluvial erosion in the lower Las Vegas Wash (Fig. 3). (2) The 1992 and 1995 drawdowns resulted in the erosion o f
subaerially exposed and abandoned deltaic deposits upstream o f the shoreline in Las Vegas Wash to form the 1997 Las Vegas
Wash Delta (Twichell et al., 2001). (3) A brief filling o f the reservoir to higher elevations -1998 abandoned the 1997 Las Vegas
Wash Delta which has been incised and serves as a sediment source to the actively prograding Las Vegas Wash Delta in response
to the recent 2000 drawdown (Fig. 3). Dashed lines represent interpreted fluvial erosion.
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